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Dear readers!

We are pleased to welcome you to the pages of the journal “Oncology and Radiolo-
gy of Kazakhstan” spring issue”!

On behalf of the editorial staff, | would like to congratulate you on the arrival of the
spring holidays and the renewal that the new season brings.

2025 continues to bring innovation and progress in oncology and radiology. We are
confidently moving towards introducing new technologies, improved diagnostics and
treatment, and stronger collaboration in our professional community. The currentissue
presents the results of interesting and relevant studies, such as “Assessment of oxygen
extraction, lactate levels, central venous oxygen partial pressure, and venous-arterial
carbon dioxide difference in oncological patients during blood transfusion,” “Dynam-
ic assessment of quality of life associated with visual impairment in patients receiving
chemotherapy,” and “Study of the oncological process influence on ovarian reserve.”

We try to make each new issue of our Journal useful and informative for specialists
in oncology and radiology. The articles presented in this issue rely on the latest scien-
tific research and practical recommendations that help improve the quality of medi-
cal care.

This year, we will continue to improve content quality, expand our audience, and
strengthen our community. May the current year inspire you for new achievements,
success in your professional activities, and confidence in the future. We wish you health,
happiness, and great achievements!

Respectfully Yours,
Dilyara Kaidarova,
Editor-in-Chief of the “Oncology and Radiology of Kazakhstan” journal

Oukonorus u Paanonorus Kazaxcrana, Nel (75) 2025 3
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OVARIAN CANCER INCIDENCE AND MORTALITY
IN THE CITY OF ALMATY, 2014-2023

A.E. AIDAROV'?, D.R. KAIDAROVA?* N.A. IZBAGAMBETOV?,
R.O. BOLATBEKOVA? TE. VALIEVA?
'Kazakh-Russian Medical University, Aimaty, the Republic of Kazakhstan;

Almaty Oncology Center, Almaty, the Republic of Kazakhstan;
*Asfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: According to the National Cancer Registry of Kazakhstan, the incidence of ovarian cancer in Almaty in 2023 was 18.3
per 100,000 women, and the mortality rate was 3.9 per 100,000 women. The overall survival rate for ovarian cancer (OC) in Almaty in
2023 was 53.7%. Currently, Almaty is among the regions with a high incidence of cancer and mortality.

The study aimed to assess changes in the incidence and mortality of OC among Almaty residents and the five-year survival of

patients with OC from 2014 to 2023.

Methods: The changes in the structure and dynamics of morbidity and mortality from OC in Almaty over ten years (2014-2023) were
analyzed based on the official accounting and reporting documentation. Statistical information processing was carried out using the

SPSS software, version 23.0.

Results: From 2014 to 2023, the incidence rate increased from 14.2 to 18.3 per 100,000 women, while the mortality rate remained
consistently low, at 3.9 per 100,000 women in 2023. In 2014, 127 cases of ovarian cancer were detected, of which 44.8% were at stages |
and 11 of the disease. In 2023, 228 cases of ovarian cancer were registered, with stages I and Il accounting for 52.2%.

The frequency of new cases has significantly increased in recent years, starting at 50-54 years old and peaking at 55-59 years old.
The highest incidence of OC shifted from 50-54 years old in 2014 to 55-59 years old in 2023.

Conclusion: The study demonstrated significant advancements in diagnosing and treating ovarian cancer in Almaty, including
reduced mortality rates and a higher proportion of early detections. However, further improvements in diagnostic methods, enhancing
oncological awareness among primary care physicians, and increasing the average life expectancy of Almaty residents remain key

priorities.
Keywords: ovarian cancer, incidence, mortality, Almaty.

Introduction: According to Globocan 2020 statisti-
cal data, ovarian cancer (OC) is the eighth most com-
mon malignant disease among women and remains
one of the leading causes of mortality in the field of gy-
necology [1]. In 2020, 313,959 new cases were reported,
with 80% of cases being detected in the late stages of
the disease, which worsens the prognosis [1]. Despite
the development of surgery and chemotherapy, the
5-year survival rate remains as low as about 40% [2].
Further increases in incidence (up to 371,000 new cas-
es) and mortality (up to 271,000 cases) are expected [1],
emphasizing the need for a personalized approach to
treatment.

About 1,000 new OC cases are registered in Kazakhstan
annually, 2.9% of all cancer cases. The number of cases has
increased by 21% in the last 15 years, and the mortality rate
is 4.7 per 100,000 women. There is no routine testing for
BRCAT and BRCA2 gene mutations in the country yet, al-
though their detection could significantly affect the treat-
ment and prognosis of the disease [3].

OC is one of the most aggressive malignant diseas-
es of the female reproductive system. High mortality is
associated with late diagnosis, resistance to chemother-
apy, and frequent relapses. Effective diagnostic methods,

screening, and personalized approaches are needed to
improve survival [4]. Standard treatment includes surgi-
cal removal of the tumor and chemotherapy with plati-
num drugs. However, the lack of reliable prognostic bio-
markers makes it difficult to choose the optimal strategy
[5]. Modern genetics and molecular profiling research
has led to new therapies to reduce relapses and side ef-
fects. Genetic testing for BRCA1/2 mutations has already
become the standard for patients with epithelial OC. It al-
lows for selecting individualized therapy and improving
prognosis [6].

Maintenance therapy with PARP inhibitors, bevacizum-
ab, and drugs affecting homologous recombination de-
ficiency is becoming more common. In parallel, actively
developing immune therapy opens up new treatment op-
tions [7]. According to the 2020 WHO classification, OC is
a heterogeneous group of tumors, 90% of which are ep-
ithelial tumors. Among them, high-grade serous carcino-
ma (HGSC) is the most common and aggressive, account-
ing for 70% of all cases [8].

OC is the third most common cancer in women after
breast and lung cancer [9]. This emphasizes the need for
further study of the disease and the search for more effec-
tive methods of diagnosis and treatment.

4 Oncology and Radiology of Kazakhstan, Nel (75) 2025
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The study aimed to assess changes in the incidence
and mortality of OC among Almaty residents and the five-
year survival of patients with OC from 2014 to 2023.

Materials and Methods: The analysis of changes in the
structure and dynamics of OC incidence and mortality in
the city of Almaty for the ten years (2014-2023) was carried
out based on official accounting and reporting documen-
tation data. The object of the study was 1,472 women who
newly diagnosed with OC during the specified period. The
source of data was the control cards of case follow-up (ac-
count form 030-6/u).

Data from the International Classification of Diseases
10th revision (ICD-10) on tumor localization, information
from the National Cancer Registry (Electronic Register of
Cancer Patients) on malignant neoplasmes, official reports
of oncology centers of the Republic of Kazakhstan, in-
cluding the Report on Malignant Neoplasms Diseases (ac-
count form No. 7) for 2014-2023, as well as cards of patients
firist diagnosed with malignant neoplasms (account form
090/U) were used for epidemiological analysis. Additional-

ly, the data of the Agency of the Republic of Kazakhstan on
demographic indicators, including the number and sex-
age structure of the population of Almaty for the study pe-
riod, were analyzed.

Results: When analyzing crude and intensive markers
of OC incidence, a tendency to increase the frequency of
registration of this disease from 2014 to 2023 was revealed
(Figure 1). The analyzed statistical data confirms the Inter-
national Agency for Research on Cancer’s forecasts pre-
dicting a global increase in new OC cases [10]. In 2014, the
incidence was 14.2 cases per 100,000 women, while by
2023, the rate had increased to 18.3 per 100,000. The maxi-
mum incidence level was registered in 2023, with 18.3 cas-
es per 100,000 female population. According to the Na-
tional Cancer Registry, 228 new cases were identified in
Almaty in 2023. At the same time, OC mortality has de-
creased during the study period. Sixty-one fatal cases reg-
istered in 2014 corresponded to a rate of 6.8 per 100,000
women. In 2023, this rate decreased to 3.9 per 100,000,
with 49 deaths (Figure 1).
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16.0 -
- 14.0
12.0 +
10.0 +
8.0 1
6.0 -
4.0 A
2.0 -
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S, Y0000

Dynamic of inc
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Figure 1 — Dynamics of ovarian cancer incidence and mortality
in Almaty (2014-2023) per 100,000 female population

Analysis of registration of new ovarian cancer cases
in different age groups revealed an increase in incidence
among middle-aged and older women in 2023 compared
to 2014 (Figure 2). A significant rate increase is associated
with expanded diagnostic capabilities and life expectancy
in Kazakhstan [11].

The increasing incidence of OC among middle-aged
and older women emphasizes improving diagnostic
measures and strengthening surveillance during periodic
health examinations in outpatient clinics (Figure 2). Analy-
sis of the age distribution of cases for 2014 and 2023 (ab-
solute indicators) showed an increase in newly detect-
ed cases in those age groups. Stage analysis at diagnosis
showed a tendency for more frequent detection of OC at
stages | and Ill during the analyzed period (Figures 3 and
4).In 2014, 127 OC cases were registered, with 44.9% of pa-
tients having stage I-Il disease. In 2023, the number of cas-
es increased to 228, and the share of Stages I-Il cases was

52.2%. Stage Ill was registered in 49.6% of detected cases
in 2014 and 44.3% in 2023. The frequency has doubled for
Stage | cases at diagnosis and increased by half for Stage IlI
cases. At that, the number of neglected cases (stage IV at
detection) has not significantly increased.

Table 1 presents key statistical indicators reflecting the
effectiveness of oncologic care for OC patients in Almaty.
The number of new cases increased by 228 (55.7%) in 2023
compared to 2014. In 2023, morphologic confirmation of
the diagnosis was obtained in 53.9% of cases. According
to the Cancer Registry, 52.2% of the cases were detected
early, while 49.5% were diagnosed during periodic health
examinations. During the analyzed period, early detection
rates have increased significantly due to improvements
in diagnostic methods and increased oncological vigi-
lance among primary care gynecologists. In addition, one-
year ovarian cancer mortality decreased to 5.7% in 2023
compared to 14.1% in 2014, showing a positive trend and

Oncology and Radiology of Kazakhstan, Nel (75) 2025 5
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a more than twofold reduction of this rate. This achieve-
ment is connected with the introduction of modern di-
agnostic methods, improved treatment quality, and new

therapeutic approaches. In 2023, the number of patients
under observation increased to 1,257, with 53.7% regis-
tered for 5 years or more.
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Figure 2 — Number of new ovarian cancer cases in different age groups
in 2014 and 2023 (absolute indicators)
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Figure 3 — Distribution by stage of specific weight of first
diagnosed ovarian cancer cases in Almaty women
in 2014 (%)

2023
50.0 -

45.0
. 40.0
35.0
= 30.0 A
€ 250 -
£ 200 -
£ 150 |
10.0 -
5.0 -
0.0 -

of cases, %

Proportio

| Il v
Stage at detection

Figure 4 - Distribution by stage of first diagnosed
ovarian cancer cases in Almaty women
in 2023 (%)

Table 1 - Dynamics of statistical indicators of ovarian cancer incidence and mortality in Almaty (2014 and 2023)

Indicators 2014 2023
New cases, n 127 228
Morphologically verified diagnosis, % (n) 89,7 (114) | 53.9 (123)
Cases diagnosed at stages | and Il, % of detected cases 44.8 52.2
Incidence (crude intensive rate) per 100,000 population 14.2 18.3
Mortality (crude intensive rate) per 100,000 population 6.8 3.9
Diagnosed at stage lll, % of detected cases 49.6 44.2
Detected at stages | and Il during periodic health examinations, n (new cases) 0.78 (1) |49.5 (113)
Survivors for less than one year after diagnosis, among those registered in the previous year 141 (18) | 5.7 (13)
(one-year mortality), n (%)
Number of registered by the end of the year, n 690 1257
Number of patients on record for 5 years or more, n 354 676

Discussion: Over the past 10 years, there has been
an increase in ovarian cancer incidence in Almaty. The
incidence rate increased from 14.2 per 100,000 female

population in 2014 to 18.3 per 100,000 female popula-
tion in 2023. This trend is connected with the improve-
ment of diagnostic methods, increased oncological vig-

6 Oncology and Radiology of Kazakhstan, Nel (75) 2025
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ilance of primary care gynecologists, and the increase
in the average life of Almaty residents. Despite the lack
of justified screening programs to detect ovarian can-
cer, early diagnosis using preferred methods such as ul-
trasound plays a key role in detecting ovarian cancer at
early stages [12].

In contrast, OC mortality has decreased from 6.8 cas-
es per 100,000 females in 2014 to 3.9 in 2023. This could
be due to the introduction of modern treatment meth-
ods, including chemotherapy and targeted therapy, and
the increasing availability of medical care.

OC is the sixth in the structure of female cancer in-
cidence in Almaty. Over the last 10 years (2014-2023),
1,472 new cases and 534 deaths caused by this patholo-
gy were registered.

The growing number of reported OC cases in mid-
dle and elderly age indicates the need to strengthen
preventive measures in these age groups. Older wom-
en should be especially monitored because the risk of
OC developing increases with age. For 2023, the maxi-
mum OC incidence has shifted from age 50-54 years to
age group 55-59 years compared to 2014.

A positive trend during the analyzed period was an
increased early detection of patients with OC stages
I and Il, from 44.8% in 2014 to 52.2% in 2023. The in-
crease in stage | diagnosis is particularly notable, indi-
cating progress in early disease detection. At the same
time, the proportion of patients with stage Ill and ne-
glected stage IV has decreased from 49.6% in 2014 to
44.2% in 2023. This suggests that women are increas-
ingly seeking medical attention earlier in the disease
process.

The factors that influenced the results are improved
diagnostics by introducing modern imaging techniques
such as computed tomography (CT) and magnetic reso-
nance imaging (MRI), as well as laboratory tests.

Ovarian cancer remains one of the most challenging
problems in oncology due to the lack of pronounced
symptoms at the early stages. Increased doctors’ vigi-
lance has played a significant role in improving the de-
tection and treatment of the disease and creating an en-
vironment that encourages women to take a conscious
and responsible approach to preventive examinations.
Improving the medical system, including the availability
of oncology centers, introducing modern technologies,
and improving the quality of medical care have also be-
come important aspects. Improvement of ovarian can-
cer diagnosis and treatment methods, including the use
of modern technology and personalized therapy ap-
proaches, is needed to further improve the situation.
The population should also be actively informed about
this disease’s early signs and risk factors to increase the
likelihood of timely detection.

Conclusion: The study’s results indicate significant
progress in improving the diagnosis and treatment of
ovarian cancer in Almaty. This has reduced mortality

rates and increased the proportion of cases detected at
early stages. However, the task of further improvement
of preventive measures, introduction of more accurate
and accessible diagnostic methods, and increase in on-
cologic vigilance among primary care gynecologists re-
mains relevant. These steps aim to improve patients’
quality of life and increase duration.
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AHJATIIA

2014-2023 )KBLIIAPJIAFBI AJIMATBI KAJIACBIHIAFBI AHAJIBIK BE3/ITH KATEPJII
ICITIMEH CBIPKATTAHYIIBLIBIK KOHE OJIM-KITIM

A.E. Auwoapog'?, /I.P. Kaiidaposa®, H. A. H36azamoemod®, P.O. Boramoexosa’, T.3. Banuesa*

I«Ka3akcTaH-Peceit MeguumHanblk yHuBepcuteti» MEBBM, Anmatbi, Kazakcta Pecny6amkach;
Z«Anmarbl oHKonoruanblk optanbirbiy LXK KMK, Anmarbl, KasakcraH Pecny6ankach;
3«CK. Achenpmapo atbiHaarbl Kasak ynTTbik MeauumnHa ynusepcuteri» KEAK, Anmarbl, Kasakctad Pecnybnukachl

Ozexminizi: Yimmulx kanyep-mipkeaimuiy depexkmepi Ootvinwa Aaimamol Kanacvinoa (Kazaxcman) ananvlx 0e30iy kamepii
icicimen (ABKI) coipxammanywoinwix oeneetii 2023 acwrnvt 100 000 otience waxkanoa 18,3, enim — owcimim oeneetii 100 000 otience
waxkkanoa 3,9 gypaiiovl. Anmamoeioa 2023 swcvinet ABKI-men omip cypyoiy ocannvt oeneetii 53,7%-0vl Kypaowl. Kaszipei yaguimma
Anmamuioa ABKI-nen coipkammanyuvlivlk nes o1iM-sicimim oeyeelli sxcozapuvl oyipaepoiy 6ipi 6oavin maodwvlaiaovl.

3epmmey maxcamor: Anmamor mypevinoapsl apaceinoa ABKI-men colpkammanyuvlivlk nen o1iM-aicimim 0eneeiliniy o32epyin,
conoati-ax 2014-2023 acorc. ocvl duaznosvl bap nayuenmmepoiy 6ec HCvlA0bIK OMIP Cypy KopcemKiwmepin bazanay.

Qoicmepi: Anmamol KaniacvlHOAa OH JHCbLIObIK KezeHoezi (2014-2023 dicorc.) colpKammarny uvlivlK ReH 61iM-JCIMIMHIHY KYPblIbLMbL
MeH OUHAMUKACHIHOA2bl 632epicmepdi manday ecenke any-ecen Oepy KylcammamacblHuly Oepekmepi Heli3iHoe dHCypei3inoi.
Axnapammer cmamucmukanvik oyoey SPSS 23.0 6az0apramansix scacakmamacovii KOI0AHY apKblibl HCy3e2e acblpbliobl.

Homuscenepi: 2014-2023 scvinoaper 100 000 oiience waxxanoa 14,2-0en 18,3-xe Oeilin coipkammanyuvlivlK 0eHeelliniy ocyi
baikanovl, 6yn pemme onim-yHcimim Oeneeili mypakmol momen 6onvin Kanaost scone 2023 scornvt 100 000 ovience wakkanoa 3,9
Kypaowl. 2014 scoinvt ABKI-niy 127 acazoaiivt anvlkmanovl, owviy 44,8%-v1 aypyowiy I scone Il camvinapvinoa 6010wt 2023 sicwiivt
ABKI-niy 228 scazoaiivt miprenoi, onviy I ocone Il xezeyoepi 52,2% xypaowr.

Conevl dcvinoapel 50-54 owcac mobwvinan dacman 55-59 sicac mobvinoa ey ken kezdecemin ABKI-niy sicana scazoaiinapvin
mipkey orcuinieiniy aumapavikmai ecyi oatkanovl. 2023 scvinvt 2014 scviamen canvicmuipeanoa ABKI-niy ey owcoeapul deneetii
"50-54 srcac” mobwvinan "55-59 sxcac" mobwvina ayvicmeoi.

Kopvoimotnowvl: sepmmey nomuoicenepi Aimamol Kanracvinoa ABKI ouaznocmuracul sicone emoey sHoninoei ic-uapaniapouly
Jrcakcapywl efeyni scemicmikmepee: ONIM-AHCIMIMHIY MOMEHOeYiHe HCOHe ayPyOblH epme CAMmblCbIHOA AHBIKMAN2AH HCA20AUIAPObLH
YJIeCiHiy ynearbiHa oKeleeHiH Kopcemedi. Anaiioa ouaeHocmuka d0icmepin dicemindipy, an2auikvl MeOUYUHATbIK-CAHUMAPTIbIK,
KOMeK 00pieepiepiliy OHKOI02USNbIK KbIPA2bLIbI2bIH APMMbLPY, COHOAL-AK AIMamol Kaidacol myp2olHOAPbIHbLY OPMAUld OMIP Cypy
Y3aKMulablH apmmuipy MaHbl30bl MinOemmep 6oavin Kana bepedi.

Tyiiinoi cozoep: ananvix 6e30iy kamepii icici (APKI), coipxkammanyuslivlk, oaim-scimim, Aimamol.
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3ABOJIEBAEMOCTDb 1 CMEPTHOCTD OT PAKA ANYHUKOB B I'OPO/IE AJIMATbI
3A2014-2023 rr.

A.E. Aitoapoe"?, /I.P. Kaiwoaposa®, H.A. Hz6azambemos®, P.O. Boramoexosa®, T.3. Banuesa®

'HYO «Ka3axcTaHcko-Poccuiickiii MeALMHCKII yHUBEPCUTET», AnMaTl, Pecny6nuka KasaxcraH;
2KIT1 Ha MXB «AnIMaTUHCKII OHKONIOTUYECKMIE LieHTpy, AMaTbl, Pecny6nnka Kasaxcran;
3HAO «Ka3axckuii HauMoHanbHblit MeuLMHCKNi yuuBepcuTeT umenu CIL. Achenpnaposar, Anmatbl, Pecnybnuka Kasaxcran

Axkmyanvnocmyu: Ilo Oannvim Hayuonanvhozo xanyep-pecucmpa, ypoeens 3abonesaemocmu pakom auunukos (PA) e copooe
Anmamur (Kazaxcman) na 2023 200 cocmasnsem 18,3 na 100 000 scenwyun, yposenv cmepmuocmu — 3,9 na 100 000 scenckozo
nacenenus. Obwuii yposens gvidcusaemocmu npu PHA 6 Anmamor na 2023 200 cocmasun 53,7%. B nacmoawee epems Anmamor
A61emcs 00HUM U3 Pe2UOHOB C 8bICOKUM YpOoGHeM 3abonesaemocmu u cmepmuocmu om PA.

Iens uccnedoganusa — oyenxa uzmenenuti ypoeHs 3a601e6aeM0OCMu U CMEPMHOCIU OM PAKA AULHUKOE Cpedu dcumeieli Anmameot,
a makoice nokazameJetl nAMuIemuell 8bloCUEAeMOCMU NAYUEHMO8 ¢ OaHHbIM OuazHo3om 3a 2014-2023 ze.

Memoowvt: Ananus uzmenenuil ¢ cmpykmype u OuHamure 3abonesaemocmu u cmepmuocmu om PA 6 copode Aamamvr 3a
decamunemuuii nepuoo (2014-2023 ee.) nposeden na ocmnose OanHuIX yuémuo-omuémmuoil dokymenmayuu. CmamucmuyecKas
obpabomka uHgopmayu 0Cyuecmseasiacy ¢ NpuUMeHenuem npoepammno2o obecnevenus SPSS eepcuu 23.0.

Pesynomamur: B 2014-2023 22. ommeuen pocm ypogus 3abonesaemocmu c 14,2 oo 18,3 na 100 000 scenwyun, npu smom yposets
cmepmuocmu ocmaémes cmadounvno Huskum u 6 2023 200y cocmasun 3,9 na 100 000 scenwun. B 2014 200y OvLio evisieneno 127
cnyuaee PA, uz komopwvix 44,8% npuxoounucey na I u Il cmaouu sabonesanus. B 2023 200y 3apecucmpuposano 228 cayuaes P/,
npuuém na I u Il cmaouu npuxoounoce 52,2%.
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B nocnednue 20061 ommeuaemes 3HaUUmMeNIbHoe YeeauyeHue Yacmomsl pecucmpayuu Hoswlx ciyyaee PA, Hauunas ¢ 603pacmuotl
epynnol 50-54 nem, ¢ nukom 8 epynne 55-59 nem. B 2023 200y no cpasnenuio ¢ 2014 2000m naubonvuiuii yposens sabonesaemocmu PAH

cmecmuaca uz 6o3pacmuotil epynnuvt «50-54 200a» 6 epynny «55-59 nemy.

3aknouenue: P€3y/lbmambl uccnedo8anus nokaswslearom, 4mo yaydulenue Meponpuﬂmuﬁ no ouaenocmuxe u nevenuto PA 6
20])00@ Anamamol npueeno K 3HadumelbHbiM 00CMUINCEHUAM. CHUICCHUIO cmepmuocmu U yeejaudeHuro oo cjiyuaes, 6blid6/IEHHbLX
HA PpAHHUX cmaousx 3abonesanus. OQOHAKO OCMAIOMCS GAJCHLIMU 3A0A4AMU cosepuieHcmeosatue Memoooe OMGZHOCmuKM,
Nno8vllUeHIUE OHKOLO2UUECKOU HACMOpOdHCEeHHoCcmu epaqezl nepeutmoﬁ Meduko-caﬁumapﬁoﬁ nomowu, a makodice yeeiudeHue cpedneﬁ

NPOOOAHCUMENLHOCU HCUSHU dicumerieli 20pooa Anmamul.
Knrwouesvie cnosa: pax auunuxos (PA), sabonesaemocms, cmepmuocmos, Anmamul.
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ASSESSMENT OF OXYGEN EXTRACTION,
LACTATE LEVELS, CENTRAL VENOUS OXYGEN
PARTIAL PRESSURE, AND VENOUS-ARTERIAL CARBON
DIOXIDE DIFFERENCE IN ONCOLOGICAL PATIENTS
DURING BLOOD TRANSFUSION
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'Kazakh Research Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan;
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ABSTRACT

Relevance: Anemia is a common hematologic syndrome, particularly among oncological patients, where its prevalence ranges from
40% to 90%, depending on treatment. Blood transfusion remains the primary method of anemia correction; however, hemoglo-bin (Hb)
level remains the sole criterion for transfusion decisions despite not always accurately reflecting tissue oxygen demand. Consequently,
alternative physiological transfusion triggers are being actively studied, including oxygen extraction ratio (O,ER), central venous oxy-

gen partial pressure (Pv0,), lactate (Lac), and venous-to-arterial carbon dioxide difference (1CO2).
The study aimed to assess the effect of blood transfusion on O,ER, PvO,, Lac, and ACO, in oncological patients with anemia and

determine their potential as physiological transfusion triggers.

Methods: A prospective observational study included 107 oncological patients with anemia requiring blood transfusion. Arterial
and central venous blood samples were collected before and 1 hour after transfusion to assess Hb, PvO,, Lac, O,ER, and ACO,. Statis-
tical analysis was performed using the Wilcoxon test and Spearman’s rank correlation coefficient.

Results: After blood transfusion, a statistically significant improvement in key parameters was observed:

* O,ER decreased from 35.4% (31.8; 41.9) to 29.3% (26.0; 33.4) (p<0.001);

* PvO, increased from 34.8 (32.7; 38) to 36 (34, 39) mmHg (p=0.003);

* 4CO, decreased from 7 (5.2; 8.6) to 6.3 (4.9; 7.7) mmHg (p=0.004);

e Lac changed slightly from 1.1 (0.9; 1.7) to 1.0 (0.6, 1.55) mmol/L (p=0.005), remaining within the normal range.

Correlation analysis revealed that PvO,, ACO,, and Lac were significantly associated with baseline O2ER levels but did not cor-re-
late with baseline Hb levels (p>0.05). This confirms that the Hb level does not accurately reflect oxygen delivery needs, whereas alter-
native physiological markers may serve as more reliable transfusion decision criteria.

Conclusion: Changes in O,ER, PvO,, and ACO, after blood transfusion suggest their potential use as physiological transfusion trig-
gers. Unlike the Hb level, these parameters more accurately reflect oxygen delivery changes. Although lactate correlated with baseline
Hb, it cannot serve as a reliable transfusion trigger in this patient population, as its levels remained within the normal range. Further
research is needed to define threshold values for physiological transfusion triggers and evaluate their impact on clinical outcomes.

Keywords: blood transfusion, anemia, oxygen extraction.

Introduction: Anemia is one of the most common
hematologic syndromes in clinical practice. At the same
time, anemia in cancer patients occurs in more than 40%
of cases, and in patients receiving chemotherapy, the in-
cidence of anemia can reach up to 90% [1]. Anemia is an
independent factor that worsens clinical outcomes in
various groups of patients [1, 2]. One of the main meth-
ods of anemia treatment is a blood transfusion. In mod-
ern transfusion practice, a distinction is made between
restrictive and liberal transfusion strategies. The liberal
strategy involves transfusion of red blood cell compo-
nents at higher hemoglobin levels. In turn, the restric-
tive strategy is based on minimizing transfusions. It in-
volves prescribing blood transfusion only when lower
hemoglobin levels are reached, which is aimed at reduc-
ing the risk of possible complications [3], such as vol-

ume overload, transfusion reactions, and the immuno-
modulatory effect of blood transfusions. The restrictive
strategy is the basis for many modern recommenda-
tions for the transfusion erythrocyte-containing blood
components, including the current order of the Ministry
of Health of the Republic of Kazakhstan [4-8].

The hemoglobin level is the key criterion for de-
ciding on blood transfusion. In this regard, the hemo-
globin level cannot reflect the level of oxygen deliv-
ery, and increasing the latter is the main goal of blood
transfusion therapy. That is why several studies show
the benefits of a liberal transfusion strategy and im-
proved clinical outcomes in patients with higher he-
moglobin levels [9-11]. This is primarily indicated for
patients with limited reserves for physiological com-
pensation of reduced oxygen delivery, including those
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with cardiovascular pathologies or elderly patients. A
similar situation was shown in a study by P. de Almeida
et al.: a liberal strategy improved the clinical outcomes
in cancer patients after major surgical interventions
[12]. These data also demonstrate the imperfection of
hemoglobin as the only trigger for blood transfusion.
In connection with this, relevant alternative physiolog-
ical triggers for blood transfusion have been active-
ly studied in recent years, which makes it possible to
more accurately assess the patient’s need for transfu-
sion. These include the oxygen extraction coefficient
(O,ER), arteriovenous difference in carbon dioxide par-
tial pressure (ACO,), central venous blood saturation
(Scv0,), lactate (Lac), central venous oxygen partial
pressure (PvO2), and other markers of oxygen delivery
and tissue hypoxia. This study analyzed the effect of
blood transfusion on O,ER, ACO,, Lac, PvO2 in cancer
patients with anemia.

The study aimed to assess the effect of blood trans-
fusion on O,ER, PvO,, Lac, and ACO, in oncological pa-
tients with anemia and determine their potential as
physiological transfusion triggers.

Methods: A prospective observational study includ-
ed 107 oncological patients. The main inclusion criteria
were:

- anemia requiring blood transfusion;

- presence of a central venous catheter.

The exclusion criteria were:

- respiratory support (invasive/non-invasive ventila-
tion, high-flow oxygen therapy);

- vasopressor and/or inotropic support;

- shock of any etiology;

- childhood;

- pregnancy.

The study included patients over 18 years of age, 66
(61.7%) women and 41 (38.3%) men. The median age of
patients was 57 (46-65) years.

All patients received the packed red blood cell (PRB)
transfusion, which triggered the hemoglobin level. Be-
fore and 1 hour after blood transfusion, the hemoglobin
(Hb) levels, PvO,, Lac have been measured.

0O,ER calculated as [(Ca0,-Ccv0,)/Ca0,*00%)]. (1)
ACO, calculated as PvCO,-PaCO,. )

Central venous blood was taken from the central ve-
nous catheter located in the basin of the superior vena
cava (subclavian or internal jugular vein), and arterial
blood was taken from the radial artery.

The statistical analysis and visualization of the data
obtained were carried out using the R 4.3.1 statistical
software framework (R Foundation for Statistical Com-
puting, Vienna, Austria).

Descriptive statistics for categorical variables are
presented as absolute and relative frequencies (n (%)),

and for quantitative variables, they are presented as a
median (1-3 quartile). For comparison of quantitative
indicators before and after the intervention, the Wilcox-
on signed-ranks test for matched pairs has been used.
The Spearman’s rank correlation coefficient (p) with a
corresponding 95% confidence interval (95% Cl) has
been used to estimate the direction and strength of the
association between quantitative variables. The associ-
ation was considered statistically significant at p<0.05.

Results: The median hemoglobin concentration be-
fore transfusion was 73 (64.5; 78) g/L. After transfusion,
the median hemoglobin increased to 85 (76.5; 93.7) g/L.
The median elevation of hemoglobin after transfusion
amounted to 13 (8.5; 21) g/L and was statistically signif-
icant (p<0,001).

The main diagnosis in all patients included in the
study (n=107) was malignant neoplasms. The most com-
mon were tumors of the gastrointestinal tract - in 30 pa-
tients (28.0%), and malignant neoplasms of bones and
soft tissues were detected in 30 patients (28.0%). Tum-
ors of the female reproductive system were detected in
22 patients (20.6%), tumors of the chest organs in 8 pa-
tients (7.5%), and neoplasms of the head and neck in 4
patients (3.7%). Malignant tumors of the urinary system
and male genital organs were diagnosed in 8 patients
(7.5%). Primary multiple cancers were detected in 3 pa-
tients (2.8%) and other malignant tumors in 2 patients
(1.9%). A brief clinical and demographic description of
the enrolled patients is presented in Table 1.

The effect of blood transfusion and the dynamics of
O,ER changes in response to transfusion are presented
in Figure 1.

Oxygen extraction: The level of O,ER before blood
transfusion was higher than the normative values and
composed 35.4% (31.8; 41.9). After the blood transfu-
sion, the median level of oxygen extraction was 29.3%
(26%); 33.4%). Concurrently, a statistically significant nor-
malization of the O,ER level after transfusion of eryth-
rocyte-containing media has been observed: the medi-
an decline in O,ER after transfusion amounted to 5.8%
(-10.7%; -1%) (p<0.001). The median O,ER value before
blood transfusion was higher than the normative val-
ues, and the transfusion led to the normalization of this
indicator. The effect of blood transfusion and the dy-
namics of O,ER changes in response to transfusion are
presented in Figure 1.

Partial pressure of oxygen in central venous blood: The
median level of PvO, before blood transfusion was 34.8
(32.7; 38) mmHg. After the blood transfusion, a statisti-
cally significant elevation of the partial pressure of oxy-
gen in the central venous blood has been recorded - 36
(34-39) mmHg. The median change of PvO, after trans-
fusion composed 1.2 (-1.35; 3) mmHg (p=0.005). The ef-
fect of blood transfusion and the dynamics of changes
in PvO, indicator in response to transfusion are present-
ed in Figure 2.
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Table 1 - Clinical and demographic characteristics of the enrolled patients

Indicator

Value

Age (years), median (min; max)

57 (46; 65)

Sex, n 107 (100%)

Female

66 (61.7%)

Male

41 (38.3%)

Body mass index (kg/m?), median (min; max)

23,9 (21; 26,7)

Type of anemia, n 107 (100%)

Acute

71 (66,4%)

Chronic

36 (33,6%)

Tumor localization, n 107 (100%)

Bones and soft tissues

30 (28,0%)

GIT

30 (28,0%)

Female genitalia

22 (20,6%)

Urinary system and male genital organs 8 (7,5%)
Chest organs 8 (7,5%)
Head and neck 4 (3,7%)
Primary multiple cancer 3 (2,8%)
Other tumors 2 (1,9%)

Concomitant diseases, n 107 (100%)

Arterial hypertension

34 (31,8%)

Coronary heart disease

14 (13.1%)

Obesity

13 (12,2%)

Type 2 diabetes mellitus 10 (9,3%)

Cerebrovascular diseases 3(2,8%)

Other 85 (79,4%)
Apache Il Severity Rating Scale, Median (min; max) 12 (11; 14)

Transfusion volume, median (min; max)

340 (310; 410)

704 N
60 = .
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g 40- \
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20
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PvO2 (mm Hg)

o

Before transfusion After transfusion

Figure 1 - O,ER level before and after blood transfusion

Lactate: The median lactate concentration amount-
ed to 1.1 (0.9; 1.7) mmol/L before blood transfusion and 1
(0.6; 1.55) mmol/L after the blood transfusion; the median
change in lactate levels in response to blood transfusion
was -0.1 (-0.45; 0.1) mmol/L. Even though the median lac-
tate concentration was within the normative values before
and after blood transfusion, the change in lactate levels in
response to blood transfusion was statistically significant
(p=0.005). The lactate levels before and after blood trans-
fusion are presented in Figure 3.

Figure 2 - PvO, level (mmHg) before and after blood
transfusion

Venoarterial difference in carbon dioxide (ACO,) lev-
els: The median ACO, pre-transfusion level was high-
er than the normative level 7 (5.2; 8.6) mmHg. After
the blood transfusion, the level of ACO, changed sta-
tistically significantly towards normalization; the me-
dian ACO, decline was -0.9 (-2.4; 0.8) mmHg. The
ACO, median after transfusion composed 6.3 (4.9;
7.7) mmHg (p=0.004) (Figure 4). The level of ACO,
before and after blood transfusion is presented
in Figure 4.
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Figure 3 - Lactate levels before and after blood
transfusion

Than, we analyzed the correlation between changes
in the studied parameters and the initial level of oxygen
extraction, which is the main indicator of oxygen deliv-
ery and consumption, and the initial level of hemoglobin,
which is the main trigger for blood transfusion.

In the correlation analysis, a statistically significant cor-
relation between the baseline oxygen extraction and the
changes in blood transfusion was found in PvO, (p=0.39
(95% ClI: 0.22; 0.54), p<0.001), lactate (p= -0.21 (95% Cl:

Figure 4 — ACO, levels before and after blood
transfusion

-0.39; -0.02), p=0.028) and ACO,(p= -0.31 (95% Cl: -0.47;
-0.12), p=0.001) (Figures 5-7).

At that, no statistically significant correlation between
the Hb baseline level and changes in response to blood
transfusion was found in PvO, (p=-0.1 (95% Cl: -0.28; 0.1),
p=0.326) and ACO, (p=0.13 (95% Cl: -0.07; 0.31), p=0.199)
(Figures 8, 9). The lactate levels were statistically signifi-
cantly and positively correlated with baseline Hb concen-
trations (p=0.35 (95% Cl: 0.17; 0.51), p<0.001) (Figure 10).
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Figure 5 - Statistically significant correlation between
changes of PvO2 in response to blood transfusion and
O2ER baseline

Further, the correlation between the level of O,ER de-
cline in response to transfusion of red blood cell com-
ponents and the initial level of O,ER, as well as between

Figure 6 — Statistically significant correlation between lac-
tate changes in response to blood transfusion and O2ER
baseline

changes of O2ER and the concentration of Hb before
blood transfusion, has been analyzed. The level of O,ER de-
cline (normalization) was statistically significantly correlat-
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ed with the level of O,ER before the intervention (p=-0.63
(95% Cl: -0.73; -0.5), p<0.001): the higher the pre-transfu-
sion of O,ER level, the more significant was the level of nor-
malization in response to transfusion of donor red blood

cells. At the same time, there was no statistically significant
association of O,ER changes with baseline Hb concentra-
tion before surgery (p=0.16 (95% Cl: -0.03; 0.34), p=0.105)
(Figure 11).
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Figure 7 — Statistically significant correlation between
changes in ACO, in response to blood transfusion and
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Figure 8 - No correlation between changes in PvO,
in response to blood transfusion and baseline Hb
levels
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Figure 9 — No correlation between changes in ACO,
in response to blood transfusion and baseline Hb
levels

Discussion: Anemia is a multidisciplinary problem and
is widespread in clinical practice. Both anemia and blood
transfusion are associated with worsening clinical out-
comes in different groups of patients [2,3,13-16]. Howev-
er, the hemoglobin level does not reflect the true need for
oxygen delivery in patients with anemia. This is especially
critical in patients with concomitant cardiovascular pathol-

Figure 10 - Statistically significant correlation between
changes in lactate levels in response to blood transfusion
and baseline Hb levels

ogy or acute cerebral insufficiency, and elderly patients.
Our study demonstrated that the oxygen delivery indi-
cators, such as PvO, and O,ER, as well as tissue perfusion
index ACO,, were significantly changed towards normal-
ization after the blood transfusion. Moreover, the worse
the initial values of these parameters were, the more pro-
nounced their normalization turned out to be found.
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Figure 11 - Strong correlation between O2ER change in blood transfusion and baseline O2ER, no correlation
between O2ER change and baseline Hb

The correlation analysis showed that all studied indi-
cators, except for lactate, did not have a significant links
with the initial level of hemoglobin. This indicates that the
digital Hb index does not reflect the level of oxygen deliv-
ery and, accordingly, cannot serve as a reliable criterion for
determination of the need for blood transfusion. The lac-
tate levels showed a correlation with baseline Hb, howev-
er, their concentrations remained within the normal range
both before and after the blood transfusion. The proba-
ble reason for this is the fact that the lactate levels respond
to reduced oxygen delivery only when a critical threshold
is reached, when compensatory mechanisms, such as in-
creased cardiac output and tissue oxygen extraction, be-
come inadequate [17]. Accordingly, in this clinical situation,
the lactate cannot be considered as a trigger for blood
transfusion. At the same time, changes in O,ER, PvO, and
ACO, indicate that these indicators can be used to make a
decision on blood transfusion.

The results obtained are partially consistent with previ-
ously published studies. For example, B. Vallet in his stud-
ies showed the importance of using the central venous
blood hemoglobin saturation as a trigger for blood trans-
fusion [18, 19]. Another study conducted by Fogagnolo et
al. demonstrated that the use of arteriovenous difference
in oxygen content as a criterion for prescribing of blood
transfusion leads to reduction of 90-day mortality in criti-
cally ill patients [20].

Our study has a number of limitations. First of all, it is
not randomized, and blood transfusion was performed in
all patients, which excludes the possibility of comparison
with the control group. Secondly, critically ill patients, in
whom the changes in oxygen delivery and consumption
may be most pronounced, were excluded from the anal-
ysis.

Conclusion: Changes in O,ER, PvO,, and ACO, allow to
consider these indicators as criteria for making a decision
on blood transfusion. Currently, there is a growing inter-
est in physiological and alternative triggers of transfusion,
which is associated with the development of a personal-
ized approach in transfusion practice and the desire to op-
timize the blood transfusion tactics in various categories
of patients. Further research in this direction is needed,
primarily to determine the threshold values of physiologi-
cal triggers when prescribing the blood transfusion.
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AHJIATIIA

OTTEI'THI DKCTPAKIUSJIIAY, JAKTAT JEHT'EWIH, OPTAJIBIK
BEHO3/IBIK KAHJIAFbI OTTEI'THIH HAPIIUAJIABIK KbICBIMbIH KOHE
BEHO3AbI-APTEPUSAJIBIK KOMIPKBIIIKbIJI I'A3bI AUBIPMAIIBIJIBIFBIH
OHKOJIOT'USAJVIBIK TAHUMEHTTEPJAE TEMOTPAHC®Y3UA KE3IHIAE BAFAJIAY

A.A. Apvinos', B.B. Yypcun?, O.10. Pvibauex’

1«Ka3aK OHKONIOTIA XaHe paguonorus FbibIMU-3epTTey UHCTUTYTbI» AK, Anmarbl, Kasakcran Pecny6nukacol;
2« XK. AchenanspoB aTbiHaarbl Kasak yiTTblk MeauuuHa yHuBepcuTeTiin» KEAK, Anmarbl, Kasakcran Pecny6nukaco

Ozexminizi: Anemus — KIUHUKATBIK NPAKMUKAOA HCUi Ke30ecemit 2eMamolo2usIblK CUHOPOM, dCipece OHKONIO2UANbIK NayueHmmep
apacvinoa onviy scuiniei 40%-0an 90%-2a Oetiin sicemeodi. Anemusinol myzemyoiy He2izei 90ici Kan Kyio (cemompancgysus) 6oavin ma-
ovL1a0bl, anavda eemoznobun (Hb) oeneeiii mpancpyzuansvl mazaiiinoayosiy sHcanzvl3 Kpumepuili oonvin Kaia bepedi, bipax on apoa-
libLM mindepoiy ommeziee Kaxcemminiein don kepceme armaiiost. Ocvlean batinanvicmot conest ucoinoapol O,ER (ommeei skcmpaxyus
xoahpuyuenmi), PvO, (opmanvix 6eno30vix Kannvly ommeei napyuanowix keicvimuy), Lac (naxmam) scone ACO, (6eno3ovi-apmepusivli
KOMIPKUUKDLIL 2A3bl AULIPMAULBLIbBI2bY) CUSAKMbL PUIUOIOSUALBIK MPAHCHY3UANLIK mpueepiep beiceHdi sepmmenyoe.

3epmmeydin maxcamol: Anemuscol 6ap onxonozusnvbly nayuenmmepoe emompancgysuanviyy O,ER, PvO,, Lac scone ACO, rop-
cemKiwimepine acepin bazanay Jdcone o1apobl u3UOI0SUATBIK MPAHCPYIULILIK, mpuzeepiep peminoe KoI0any MyMKIHOIZIH AHbIKMAY.

Aoicmep: 107 oHKOI02UANBIK NAYUEHM KAMBICKAH NPOCHeKMuUsmi oocepeayusnvly sepmmey sHcypeizinoi. I emompancgysus an-
Obiroa dcone odan 1 cazam emxen oy nayuenmmepoeH apmepusiiiblk HCoHe OPMAblK 6eH030bIK KaH anvinovl, Hb, PvO,, Lac, O ER
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acone ACO, deneetinepi onwendi. Cmamucmuxanviy manoay Yuakoxcon mecmi scone Cnupmen pan2inix xoppeaayus kodogguyuenmi
KomeziMeH Hcypei3inoi.

Homuocenepi: I emompancysusoan Ketiin Heeizel kopcemkiumepoe CmamucmuKkaiblk mypavlOan Maybl30bl Jdcakcapy 6aiuKaiobl:

* O,ER 35,4% (31,8; 41,9)-0an 29,3% (26,0; 33,4) Oeiiin memenoedi (p<0,001);

. PvOZ 34,8 (32,7; 38)-0en 36 (34; 39) mm.cvin.bae oetiin apmmot (p=0,005);

*4CO, 7 (5,2; 8,6)-0an 6,3 (4,9; 7,7) mm.coin.6ae Oetiin momenoedi (p=0,004);

eLac 11 (0,9; 1,7)-0en 1,0 (0,6, 1,55) mmonv/n Oeiiin o32epoi (p=0,005), 6ipax Karvinmul wexmepoe Kauobvl.

Koppenayusanvix manday nomuoicecinde PvO,, ACO, acone Lac kopcemxiwmepi 6acmankul O,ER Oenzetiimen atimapnvixmaii 6aii-
JIAHBICHL AHLIKMAObL, OIPAK 2emo2i06unHiy bacmanksl Oeneelimen Koppensyus oaikanrzaw xeox (p>0,05). Byn Hb oeneetii ommeeini
JHCeMKI3Y Kadicemminiein 091 Kopcemneuminin, ai u3uono2usivlk mapkepiep mpanc@y3usHvl maesaiublHOayobly CeHiMOipex Kpume-
puiinepi 601ybl MYMKIH eKeHiH 091eN10eloi.

Kopvitmuinowr: 'emompanceysusnoan xeiinei O,ER, PvO, ocone ACO, e3zepicmepi onapobly Gusuonoeusibls mpanc@ysusiviy
mpueeepiep peminoe KOLOAHbLLY MYyMKIHOI2TH Kopcemeoi. Hb Oeneeiiinen atibipmawbliviesl, Oy1 napamempiep ommeiMen Kammama-
cbl3 emy o32epicmepin oonipex cunammatiiosl. Jlakmam Hb Oenzetiimen xoppenayuananaanvimeH, oHbly 0eneelli Kanibinmvl OUana3oHoda
00n2aHObIKMAH, OHbL CEHIMOI MPAHCOHYIUATLIK mpuzeep peminoe Kapacmulpy MymKin emec. bonawak sepmmeynep gusuonocusivik
MPAHCPY3UATBIK mpuceepnepOiy WeKmi MOHOEPIH AHbIKMAY JHCOHe 0NAPObIH KIUHUKALIK HOMUMNCeepee dCepin 0a2anay yuin Kaxcem.

Tyiiinoi co3oep: cemompancgysus, anemus, Omme2ini IKCMPAKYUSIIAY.

AHHOTADUSA

OHEHKA SKCTPAKIMU KHCJIOPOIA, YPOBHS JIAKTATA, ITAPITUAJIBHOI'O
JABJIEHU A KUCJIOPO/JIA B IEHTPAJIBHOM BEHO3HOI/I KPOBU
U BEHOAPTEPHAJIBHOM PASHUIIBI IO YIJIEKUCJIOMY TA3Y
Y OHKOJIOI'HYECKHUX NTAIIMEHTOB ITPU TEMOTPAHC®Y3UN

A.A. Apvinos', B.B. Qypcun?, O.1O. Poioauex!

1A0 «Ka3axckuit HayuHo-1CCNeOBATENbCKIIA MHCTUTYT OHKONOTUN 1 paauonorumy, Anmartbl, Pecny6nuka Kazaxcras;
2HAQ «Ka3axcKuii HauMoHabHbIii MeguuuHckiil yHusepcutet umenn C.J1. Acpenausposar, Anmatbl, Pecny6nuka Kasaxcran

Axmyansnocmo: Anemus — pacnpocmpaHenHvlll 2eMamoio2udecKuti CUHOPOMOM, 0COOEHHO CpeOu OHKOIOSUYECKUX NAYUEHTNO8.
Temompancgysus ocmaemcs 0CHOBHbIM MEMOOOM KOPPEKYUU anemuu, OOHAKO eOUHCMBEHHbIM Kpumepuem Ois ee HA3HAYeHUs
CRYACUM YPOBEHb 2eMO2NI0OUHA, KOMOPWILL He ce20a ompaicaen 00CmagKy KUCiopood. B cesazu ¢ amum uzyuaromes aibmepHamughvie
mpuzeepsl mpancgysuu: sxempaxyus kucropooa (O,ER), napyuanviioe dagrenue Kuciopooa 6 yenmpansioi eenosnot kposu (Pv0,),
yposenv nakmama (Lac) u eenoapmepuanshas paznuya no napyuaibHomy 0agirenuio yeiexkuciozo eaza (ACO2).

Hens uccnedosanus — oyenums eausnue cemompancgysuu wa O,ER, PvO, Lac u ACO, y onxono2uueckux nayuenmos c arnemuel
U onpeoenums 603MONCHOE NPUMEHeHUe NoKa3ameJell 8 Kauecmee Pu3uoI02UYecKux mpuzeepos mpancoysuiL.

Memoowi: [Iposedeno npocnekmusHoe obcepsayuonHoe ucciedosanue, sxkniovusuiee 107 oHKon02UUeCKUX NAYUEeHMOo8 ¢ aHemuell,
mpebyroweil eemompancgyzuu. Bcem nayuenmam ulnOIHAIU 3a60p ApMePUAIbHOl U YEHMPATbHOU 6€HO3HOU Kposu 00 U uepes
1 uac nocne mpancghysuu. Oyenusanuco xonyenmpayus 2emoznoouna (Hb), PvO,, Lac, O,ER u ACO,. [{nsa cmamucmuueckozo anaiusa
UCNONBL306ANUCH Kpumepuil Yunkokcona u koagguyuenm paneosoii koppeasiyuu Cnupmena.

Pezynomameut: [locie cemompancghysuu Haba00AI0Cs CIMAMUCIMUYECKU 3HAYUMOE VIYUlUleHUe KIHUeblX napamempos:

* O,ER cnusunca ¢ 35,4% (31,8; 41,9) 0o 29,3% (26,0; 33,4) (p<0,001);

* PvO, ysenuuunca c 34,8 (32,7; 38) 0o 36 (34; 39) mm pm. cm. (p=0,005);

-ACO; cnusuncsac 7 (5,2, 8,6) 00 6,3 (4,9; 7,7) mm pm. cm. (p=0,004);

 Lac usmenuiaca neznauumensro: 1,1 (0,9; 1,7) oo 1,0 (0,6; 1,55) mmonv/n (p=0,005), ocmasascwv 6 nopme.

Ananus xoppensayuii noxasan, umo PvO, ACO, u Lac umenu cmamucmuyecku sSHauumyro c6a3b ¢ ucxoonvim yposiwem O,ER, oonako ne
Koppenuposau ¢ 6azosuim ypogrem cemoznobuna (p>0,05). Imo noomeepacoaem, umo yposens Hb ne ompasicaem ucmunmnyto nompeonocms
6 0ocmaske KUCaopood, a (husuonocudeckie MapKepvl Mo2ym Obims HA0eHCHLLMU Kpumepusamu 011 HA3HAYeHUus mpanchysuu.

Boisoov: Usmenenus O,ER, PvO, u ACO, nocne zemompancysuu no3eonsiom paccmampueamo ux 6 Kaiecmee mpuzeepos
mparcysuu. B omauuue om ypoeus eemo2no0una, oHu mouHee OMpaANCcaiom CHUMNCEHUs 8 00cmagke Kuciopooa. Jlakmam ne modcem
ObIMb HAOEHCHBIM MPULLEPOM MPAHCPY3UU 8 OAHHOM UCCTe008ANHUU, MAK KAK €20 YPOBEHb 0CMABAICA 8 npedenax Hopmbl. Heobxooumol
danvHeluue uccied08anus 8 OAHHOM HANPABIEHUU.

Kniouesvie cnosa: cemompancysus, anemus, SIKCmpaxyus KUciopood.
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ABSTRACT

Relevance: The growing need for highly qualified medical personnel, especially in oncology, makes staff development essential in
improving oncological care. The dynamically developing healthcare system of Kazakhstan requires adapting educational programs
for medical professionals to modern requirements and challenges and ensuring their accessibility, regularity, and practical

orientation.

The study aimed to analyze the effectiveness of professional development programs for medical personnel of the Kazakh Institute of
Oncology and Radiology and their impact on the quality of oncological care.

Methods: The research utilized both quantitative and qualitative data collection methods. It included questioning employees of the
Kazakh Institute of Oncology and Radiology medical institutions and analyzing statistical information.

Results: Key issues related to the accessibility and regularity of educational programs, staff’s insufficient awareness of the
possibilities of continuing education, and programs’ inconsistency with current professional needs and the needs of medical professionals

have been identified.

Conclusion: Increasing the effectiveness of professional development programs for medical personnel requires improving
their accessibility, strengthening their practical orientation, and introducing modern training techniques. Implementing these
recommendations will contribute to the growth of the professional level of medical workers, which, in turn, will improve the quality of

oncological care in Kazakhstan.

Keywords: further training, medical staff, oncological care, education, Kazakhstan, innovation, professional development.

Introduction: With the onset of the Fourth Industri-
al Revolution, accompanied by rapid changes in global-
ization, technological development, production, and so-
cial processes, the role and impact of lifelong learning on
the development of individuals, organizations, and coun-
tries has increased significantly. In a knowledge-based
and service-oriented economy, lifelong learning is critical
to building an organization’s human capital. An individu-
al's knowledge and skills are a set of competencies. When
they become an employee, their competencies turn into
corporate human capital, so the management should
support the lifelong learning of employees to contribute
to the organization’s development [1].

Investing in the development of human potential,
the employer should develop and implement a human
potential management system that will ensure continu-
ous monitoring of key components, such as education
and professional skills. International policy documents
and standards confirm the need for such monitoring.
This emphasizes the importance of skills analysis in the
labor market and the educational sphere [2].

Training and professional development within life-
long learning are important drivers of change in the ed-
ucation system and business. This is the basis for im-

proving the overall competitiveness of both employees
and organizations as a whole. To support human devel-
opment, it is crucial to create effective solutions to en-
courage and support lifelong learning, thus ensuring
that employees are highly qualified at all stages of their
professional lives [3].

In line with the measurements and management ac-
tions taken, outcomes related to workforce develop-
ment, understanding, acceptance, alignment with stra-
tegic objectives, continuous learning, and evaluation
should be expected. As the fifth dimension emphasiz-
es, it is crucial to implement evaluation and control sys-
tems to monitor the contribution of employees’ qualifi-
cations [4].

In critical areas such as health care, workforce man-
agement can be essential not only to ensure productiv-
ity, profitability, and competitiveness. Monitoring the
skills of the health workforce can also improve the qual-
ity of care and patient safety. The healthcare workforce
can be defined as people involved in activities that
aim to promote health. This definition includes clinical,
managerial, and support workers [5].

The Organization for Economic Cooperation and De-
velopment (OECD) Adult Skills Survey indicates a sig-
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nificantly higher level of skills mismatch among health
workers than other professional workers, indicating the
risk of a skills gap. Skills mismatch can be caused by de-
ficiencies in education and training systems, as well as
deficiencies in health systems and workplace organi-
zation, so a systematic approach to skills assessment
is needed. In addition, it is vital for health workers not
only to have the necessary skills but also to use them ef-
fectively [6].

As recommended by the World Health Organization
(WHO), transformative, high-quality education and life-
long learning must be implemented to ensure that all
health workers have skills relevant to the health needs
of the population and can perform to their full poten-
tial; education and training must be practice-oriented
and tailored to the needs of the health system. Thus, ef-
fective and purposeful human capital management can
serve not only personal growth and the strategic goals
of healthcare organizations but also the functioning of
the public health system [7, 8].

The study aimed to analyze the effectiveness of pro-
fessional development programs for medical person-
nel of the Kazakh Institute of Oncology and Radiology
(KazIOR) and their impact on the quality of oncological
care.

Materials and methods: The target group of the
study consisted of 100 employees (including medical
workers and support staff) of KazlOR. The probability
sampling method was used to select respondents. Each
of the study participants voluntarily agreed to partici-
pate in the questionnaire.

The study assesses employee satisfaction with exist-
ing educational programs, identifies barriers and prob-
lems that prevent effective training, and develops rec-
ommendations to improve the system of continuing
professional education of health workers. The study as-
sessing the effectiveness of continuing professional de-
velopment programs at KazlOR was conducted using
a combined methodology, including quantitative and
qualitative data collection methods. The primary in-
formation collected from the organization’s employ-
ees was quantitative. For this purpose, a questionnaire
including closed-ended questions based on the Likert
scale was developed. The questionnaire was pre-tested
to ensure clarity of questions and to obtain reliable and
accurate data. The questions in the questionnaire cov-
ered various aspects related to professional develop-
ment programs, such as relevance, usefulness, frequen-
cy of participation, and employee satisfaction.

Survey: To improve staff qualification, the Center reg-
ularly organizes various workshops and training, among
which are: “Modern Methods of Diagnosis and Treat-

ment of Malignant Tumors” (120 hours), “General Nurs-
ing Technologies” (120 hours), “Innovative Technologies
in Laboratory Diagnostics” (120 hours), “Management
in Nursing” (120 hours), “Resuscitation and Intensive
Care in Emergency Conditions” (120 hours) and “Nurs-
ing Competencies in Oncology” (120 hours). In addition
to these courses, the Center also conducts other educa-
tional programs to improve health workers’ professional
skills. These activities contribute to improving the com-
petence of specialists, sharing experience among staff,
and introducing modern approaches into clinical prac-
tice.

We offered open-ended questions To better under-
stand employees’ needs and preferences and collect
the participants’ opinions on possible improvements to
the educational programs. The questionnaire was care-
fully designed to gather information from KazlOR em-
ployees on possible key variables that clarify the selec-
tion criteria used to allocate funding to employees and
identify the benefits associated with the fact that fund-
ing improves employee productivity and the organiza-
tion’s sustainability potential. The questions covered
topics such as relevance and usefulness of training, fre-
quency of participation, employee satisfaction, and
evaluation of workshops and courses conducted at Ka-
zIOR. The questionnaire allowed for assessing the rele-
vance and demand for such training among the staff. To
determine and ensure the validity of the questionnaire,
it was pre-tested, considering the sample size to ensure
a thorough comparison of the research questions and
objectives and to create an effective and reliable data
collection tool.

Data Analysis: The primary data collected from the
respondents were coded in the SPSS software (version
23.0). The collected data were cross-checked to ensure
that there were no errors. A chi-square test was conduct-
ed to analyze the relationship of the variables. Cron-
bach’s alpha test with a significance coefficient of 0.75
was used to test the reliability and validity of this study.
The overall reliability scores below were high (0.908) for
the six items tested. This indicates a high degree of ac-
ceptability and consistency of scores across categories
in this study. Data analysis revealed key aspects that in-
fluence the effectiveness of professional development
programs and employee satisfaction.

Results: In the course of the study aimed at assess-
ing the satisfaction of the medical staff of KazlOR with
professional development programs, 100 institution
employees were interviewed. Respondents assessed
professional development programs’ relevance, use-
fulness, and impact on their professional activities. The
study results are statistical data based on a five-point
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Likert scale. For each statement, a Chi-square test was
conducted.

1. Relevance of professional development programs:
When asked how relevant professional development
programs are to providing oncological care, as seen in
Figure 1, 72% of respondents rated them as relevant or
very relevant. Specifically, 42% of respondents rated

them as “5” (very relevant) and 30% rated them as “4”
(mostly relevant). Meanwhile, 18% of respondents ex-
pressed a neutral attitude (rated “3"), and 10% found the
programs to be marginally relevant (rated “2”).

The results of the Chi-square test of goodness of fit
showed that this result was statistically significant (stan-
dard value = 1.5897; mean = 4.12; p=0.000).

Hardly relevant (2)

Neutral (3)

Very relevant (5)

Mostly relevant (4)

Figure 1 — Relevance of professional development
programs conducted at KazIOR

2. Satisfaction with professional development opportu-
nities: On the question of satisfaction with current profes-
sional development opportunities, 60% of respondents
expressed satisfaction by rating “4” (satisfied), and 18%
were fully satisfied (rating “5”). At the same time, 15% of

respondents reported partial dissatisfaction (rated “2")
and 7% were completely dissatisfied (rated “1”) (Figure 2).

The results of the Chi-square test of goodness of fit
showed that this result was statistically significant (stan-
dard value = 1.3456; mean = 3.84; p=0.000).

Completely satisfied (5)

Completely dissatisfied (1)

Partly dissatisfied (2)

Satisfied (4)

Figure 2 — Employee satisfaction with professional development
opportunities provided at KazlOR

3. Usefulness of professional development courses: An
assessment of the courses’ usefulness in improving the
quality of cancer care for patients showed that 70% of
respondents found them useful or very useful. 40% of

participants rated them at “5” and 30% at “4". 16% of re-
spondents gave a neutral rating (“3”), and 14% found the
courses to be not useful or not very useful (scores “1” and
“2") (Figure 3).
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The results of the Chi-square test of good-
ness of fit showed that this result was statistical-

ly significant (standard value = 1.4502; mean = 4.01;
p=0.000).
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Figure 3 — Usefulness of professional development courses
by the assessment of KazIOR employees

4. Frequency of participation in training and workshops:
The illustration in Figure 4 shows that the frequency of
opportunities to participate in training, workshops and
professional development courses was quite high: 58%
of respondents stated that such events are held regular-
ly (rated “5”), and 25% stated that they are held frequent-

ly (rated “4"). Only 13% of respondents indicated that they
rarely participate in such events (rated “2”), and 4% do not
participate in them at all (rated “1”).

The results of the Chi-square test showed that this re-
sult was statistically significant (standard value = 1.6821;
mean = 4.10; p=0.000).

60

Share of respondents (%)

\
oar\‘\c\va‘eL ) porey @

poret

58%

often @* asa acy ©

Frequency of participation

Figure 4 — Frequency of participation in training and workshops
of KazIOR employees

5. Quality of professional development courses: As
shown in Figure 5, according to most respondents,
the qualifications and skills of trainers of profession-
al development courses are satisfactory overall. 47%
of the respondents rated it as “4” (high level), and
30% rated it as “5” (very high level). However, 18%

of the employees shared doubts about the quality
of teaching, rating it as “2”, and 5% gave the lowest
rating of “1”.

The results of the Chi-square test showed that this re-
sult was statistically significant (standard value = 1.3025;
mean = 3.85; p=0.000).
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Figure 5 — Quality of professional development courses provided
at KazlOR

6. Impact of professional development on excel-
ling qualification: Regarding the impact of profes-
sional development courses on professional growth
and efficiency in working with patients, as can be
seen in Figure 6, 60% of respondents indicated that
the training significantly improved their profession-
al skills and increased their efficiency (rating “5”).

25% believe that the training has brought some im-
provements (rating “4”), and 10% did not notice
any changes in their work after taking the courses
(rating “3”).

The results of the Chi-square test showed that this re-
sult was statistically significant (standard value = 1.5783;
mean = 4.12; p=0.000).

No changes (3)

Some improvements (4)

Significant improvement (5)

Figure 6 — Impact of professional development on excelling qualification
of the employees of KazIOR

7. Needs for improvement of the professional develop-
ment system: According to the open-ended questions of
the questionnaire, the majority of respondents expressed
a desire to improve the professional development sys-
tem, suggesting an increase in the frequency of courses
in specific areas of oncology, as well as an increase in the
practical component of training. Some respondents also
indicated the need to improve the quality of education-
al materials and the training format, for example, by using
modern technologies.

Recommendations: Based on the study results, we
can identify several key recommendations aimed at im-
proving the system of professional development of Ka-
zIOR employees.

First, it is important to periodically update the
content of continuing education programs to re-
flect the latest advances in oncology. This will help
ensure that the courses are up-to-date and aligned
with modern medical standards. Regular updates
will keep staff up-to-date with new diagnostic and
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treatment methods, directly impacting patient care
quality.

In addition, to make educational programs available
to more staff, additional courses and training should
be organized regularly. This will ensure that all profes-
sionals, regardless of their work schedule, have the op-
portunity to receive training and professional develop-
ment. Such changes will ensure that all employees are
reached, ensuring that they have the opportunity to
grow professionally and improve their skills.

It is also worth paying attention to improving the
practical component of the courses. Training programs
must include more practical exercises, training, and
case studies. This will help staff apply their knowledge
in practice and improve their work with patients, im-
proving the quality of cancer care.

In addition, to improve the effectiveness of educa-
tional programs, it is necessary to invest in the profes-
sional training of teachers. Improving pedagogical skills
and continually updating faculty members’ knowledge
of oncology will allow for the creation of better and
more relevant courses. It is also important to establish
a system of regular feedback from course participants,
which will allow timely identification of shortcomings in
the educational process and adjustment of teaching ap-
proaches.

An equally important aspect is the integration of
modern technologies into the training process. Using
online courses, virtual simulators, and tools will make
education more accessible, especially for those em-
ployees who cannot attend training due to busy work
schedules or locations. This will provide flexibility and
convenience in the professional development process.

In addition, there is a need to develop a system that
will track the impact of courses on employees’ profes-
sional skills. With such a system, it will be possible to
identify which courses have the greatest impact on im-
proving the quality of work and which courses need to
be refined. This will allow efforts to be directed towards
further improvement of educational programs, making
them as effective as possible.

Another important aspect is to ensure that training
is individualized. Different levels of employees’ knowl-
edge and needs should be considered when organizing
courses. Providing a choice of courses depending on
professional specialization and skill level will allow each
employee to develop the skills needed for their job, ulti-
mately improving the team’s overall performance.

Finally, attention should be paid to expanding the
range of specialized courses. Including new programs
related to specific areas of oncology, such as innovative
diagnostics, treatment and palliative care methods, will

help staff deepen their knowledge and improve their
skills in specific areas. This will also positively impact
the quality of cancer care and the development of the
specialists.

Discussion: The study’s results confirm that pro-
fessional development programs conducted in KazIOR
play a key role in improving oncological care. The high
level of employee satisfaction indicates the demand for
educational activities. However, barriers related to the
lack of staff awareness of training opportunities and in-
consistent program content with current profession-
al demands were identified. This indicates the need to
modernize the continuing medical education system,
introduce more flexible and practice-oriented training
methods, and strengthen information support. Improv-
ing the availability and quality of educational initiatives
in KazIOR can contribute to the growth of the profes-
sional competence of medical workers and, as a conse-
qguence, increase the efficiency of oncologic care.

Conclusion: The KazIOR staff development program
aims to develop employees’ professional skills by creat-
ing opportunities for their training and improvement.
This allows for maintaining a high level of employee
qualification and contributes to improving medical ser-
vices in oncology, which is important for the organiza-
tion’s sustainability and growth. The program aims to
develop each employee’s potential, ultimately improv-
ing the team’s overall performance.

The findings of our study show that, despite the
availability of the professional development program, it
does not fully fulfill its task and has no proper impact
on improving employees’ professional skills. The main
obstacles are the limited availability of educational pro-
grams and a lack of information about this program’s
opportunities. This has resulted in most employees not
seeing significant improvement in their professional
performance and believing there is no tangible benefit
from participating in the program. Thus, a lack of aware-
ness and unclear communication about the program’s
purpose and benefits made it less effective.

In addition, the study found that a lack of regular
and systematic professional development programs re-
duces an organization’s flexibility and ability to adapt
quickly to new demands in the field of oncology. Con-
tinuing education programs must be regularly reviewed
to keep pace with changes in medical standards and
new technological advancements, ensuring that em-
ployees are always one step ahead in their profession-
al activities. Thus, regularly updating educational pro-
grams is key to the organization’s success.

Also, the study’s results emphasize that insufficient
evaluation of the effectiveness of educational courses
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leads to insufficient adaptation of programs to the real
needs of employees and the organization. The introduc-
tion of mechanisms for monitoring and regular evalu-
ation of the effectiveness of programs will allow for a
more accurate assessment of their relevance and fea-
sibility, as well as timely adjustments. This will ensure
higher efficiency and allow the organization’s resources
to be used effectively.

The study’s findings confirm that an employee de-
velopment program is important for developing indi-
vidual professionals and the organization. However, for
the program to impact skills development and produc-
tivity, significant improvements are needed in its acces-
sibility, employee awareness, and the regularity of the
courses. Having all stakeholders understand the pro-
gram'’s benefits and clearly define its objectives will en-
sure educational initiatives’ success and long-term ef-
fectiveness.
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AHJIATIIA

KA3AKCTAHJA OHKOJIOTUAJIBIK KOMEKTI ) KETIJIAIPY ®AKTOPBI PETIHAE
MEJINIHAJIBIK HEPCOHAJIABIH BIJIIKTIJIITTH APTTBIPY

M.K. Baiimonoaesa', A.M. Ceimkazueea*

1«Ka3aK OHKONOrA XaHe pajuonoris FblnbiMin-3epTTey MHCTUTYTbI» AK, Anmatbl, KazakcTan Pecny6nnkacol;
2«Ka3akTaH-bpuTaH TexHukanblk yHuBepcuteti» AK, Anmarsl, Kasakctad Pecny6nukach!

Ozexminizi: JKozapvl Oinikmi MeOQUYUHATBIK Kaopiapaa, ocipece OHKONO2US CANACBIHOA OCIn Kele JHCAMKAH KANCemmINiK
nepcoHanobiy OLNIKmMinieiH apmmulpyObl OHKOIOSUAIBIK KOMEKMI JcemindipyOil MaHbI30bl PaKmopulHa atiHanobipadsl. KazaxcmanHuly
KapKbIHObl OAMbIN Kele HCAMKAH OCHCAYIbIK CAKMAY HCaA20alblHOa MeOUYUHA Kbl3MemKepaepine apHanzat Oinim bepy 6az0apiamaiapvli
01apObIY  KONHCeMIMOINI2iH, JHCyleniniein dHcone NPAKMUKATLIK Oa2blMMblIblebl KAMMAMAcsl3 eme OmbuIpbin, Kazipeli 3amanebl
mananmap MeH cvlH-mezeypinoepee betlimoey Kajicen.

3epmmeyoin maxcamol — "Kazax onkonozus scone paouonoeus eviavimu-3epmmey uncmumymeot” AK meouyunanvik nepconanvinbiy
binikminiein apmmolpy 6a20apaamailapblHbly MUIMOLLIZIH JCOHE 0apPObll OHKOJO2USIBIK KOMEKMIY CANdcblHa dCepiH maioay.

Aoicmepi: 3epmmey OepexmepOi HCUHAYObIY CAHOBIK JHCOHE CANANBIK d0icmepin Koa0anyosvl Kammuovl. JKymvic bapuiceinoa
"Kasax onxonoaus scone paouono2us aulisimu-sepmmey uncmumymst” AK Kvizsmemxepiepine cayannama jcypeisy, cmamucmukaibly
aknapammaol manoday, COHOau-ax KoCinmix 0aapivblk maianmapvind coukecmiein mecminey Ko10aHuliObl.

Homuacenepi: binim 6epy 6azoapramanapuinely Koadicemimoiniel men ycyiieninicine, Koizsmemxepnepoiy oinim 6epyoi scanzacmeipy
MYMKIHOIKmepi mypanvl xabapoap 60amayviHa, coHOau-ax Oazdapramanapovly MeOuyuHa Kvl3MemKepiepiniy o63ekmi Kociou
Ccypanvicmapbl MeH Kaxcemminikmepine colikec Keameyine Kamvlcmol He2isei npooiemanap anblKmanob.
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Kopvimuinowvi: Meouyunanvlx nepcoHanoviy OLIiKminiein apmmulpy 6a20apiamaiapulibly MuiMOLliein apmmulpy Yulin o1apobiy
KONHCEMIMOINICIH HCaAKCcapmy, NpaKmuKaivlk Oazblmmuliblebll Kyuwleumy dHCoHe OKblmyOblH 3AMAHAYU MEXHONOSUANAPLIH eH2i3Yy
Kascem. Ocbl YCbIHLIMOAPObL ICKE ACLIPY MeOUYUHA Kbl3MemKePAePiHiy KociOu Oeneeliniy ocyine vblknan emeodi, Oy1 63 Keseeinoe
Kazaxcmanoa OHKOI02UATBIK KOMEKMIH CANACHIH JCaKcapmyad oKeneoi.

Tyuinoi ce3zoep: Oinikminikmi apmmuoipy, MEOUYUHATBLIK NEPCOHAT, OHKOIOSUANLIK KOMeK, 0inim bepy, Kaszaxcman, unnosayus,
Kociou oamy.

AHHOTAIIUA

IOBbLIINEHUE KBAJINOUKAINU MEINITNUHCKOI'O ITEPCOHAJIA KAK ®AKTOP
COBEPHIEHCTBOBAHU A OHKOJIOTMYECKOU ITOMOIIIN B KASAXCTAHE

M.K. Baiimonoaesa', A.M. Ceiimka3uesa*

'A0 «Ka3axckuit HayuHo-MCCNeAOBATENLCKUIA MHCTUTYT OHKONOTUN U paauonoriny, Anmarsl, Pecny6auka Kazaxcras;
2A0 «Ka3axcraHcko-bpuTaHcKiil TexHUYeCKIit yHuBepcuTeT», AnMartsl, Pecny6niuka Kasaxcran

Axkmyansnocms: Pacmywas nompebHoCmy 6 8blCOKOK8ANUPUYUPOBAHHBIX MEOUYUHCKUX KAOPAX, 0CODEHHO & chepe OHKONIO2UU,
Oenaem nogvlutenue KeAIUGUKAYUU NePCOHANA BANCHEUUUM PAKMOPOM COBEPUEHCNBOBANUS OHKONO2UYECKOT noMowu. B ycrosusx
OUHAMUYHO pa38ueawe2ocs 30pasooxparenus Kazaxcmauma Heobxo0umo adanmuposams 00pazosamenvHvie NPOSPAMMbL 05
MEOUYUHCKUX PADOMHUKOS K COBDEMEHHBIM MPebOBAHUAM U 8bI306AM, 00ECNEUUBAS UX OOCHYNHOCMb, PE2VIAPHOCH U NPAKMUYECKYIO
HAanpaeieHHocnb.

Llenv uccnedosanusn — ananus sPHeKmMusHOCHU NPOSPAMM NOBbIULEHUS Kéarupurayuu meouyurckoeo nepconana AO «Kasaxckuil
HAYYHO-UCCIe008aMeNbCKUL UHCIMUmMYm onkoaoeuu u paouonoeuuy (KasHUHOuP, Anmamel, Kazaxcman) u ux 61usanus Ha Kauecmeo
OHKONIO2UYECKOU NOMOUYU.

Memoowi: Hccnedosanue Gkruaem UCHOIb308aHUE KAK KOIUYECMBEHHbIX, MAK U KAYeCMBEHHbIX Memooos coopa OaHHbIX. B
Xo0e pabomvl npumeHANUCL anKemuposanue compyoHukos AO «Kazaxckuil Hay4yHO-UCCIe008AMENLCKULL UHCTNUMYT OHKONO2UU U
Paouono2UUY, AHAIU3 CMAMUCMUYECKOU UHPOPMayUlL.

Pesynbmamul: Bolsignienvl Kirouegvie npooiemvl, KACAowuecs 00CnynHOCIU U Pe2YIAPHOCIU NPOSPAMM NOBbIUEHUS K8ATUDUKAYUU,
He0OCMamoyHoOUl 0C8e0OMACHHOCIU COMPYOHUKOE O BO3MOMCHOCHAX NPOOONNCEHUA 00pPA306AHUA, ( MAKHCE HECOOMBEMCMBUs
nPoOSPAMM aKmMyanibHblM NPOPECCUOHATILHBIM 3anPOCAM U NOMPEOHOCMAM MEOUYUHCKUX PAOOMHUKOS.

3akntouenue: /[ns nogviwenus dQ@PexmueHocmu npoepamm noeluleHUs Keaiupurayuu MeOuyuHcKoeo nepcoHaia Heooxooumo
Vayduenue ux 00CMynHOCmu, ycuieHue npakmuieckoll HanpagieHHOCMU U BHeOPeHUe COBPEMEHHbIX MexHoI02ull 00yyenus. Peanuszayus
O0anHbIX pekomenoayuil Oyoen cnocoocmeosams pocny npophecCcUoHaIbHO20 YPOSHI MEOUYUHCKUX PAOOMHUKOS, YMO, 8 CE0I0 04epelb,
npusedem K yIyuueHur Kauecmed oHKono2u1eckot nomowu 6 Kazaxcmane.

Kniouesvle cnosa: nogviuienue Kaiupurkayu, MeOUYUHCKUL NEPCOHAT, OHKOIO2UYeCKds nomows, obpasosanue, Kaszaxcman,
UHHOBAYUU, NPOPECCUOHATILHOE PA3EUMUE.
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DYNAMIC ASSESSMENT OF QUALITY
OF LIFE ASSOCIATED WITH VISUAL IMPAIRMENT
IN PATIENTS RECEIVING CHEMOTHERAPY

RM. IRMEKBAYEV', YM. IZTLEUOV", Ye. . MURATOV", T.S. ABILOV', G.M. IZTLEUOVA'
"Marat Ospanov West Kazakhstan Medical University, Aktobe, the Republic of Kazakhstan

ABSTRACT

Relevance: Chemotherapy and targeted therapy used in cancer treatment are often associated with side effects that affect visual
function. Such complications include dry eye syndrome, cataracts, keratopathy, and retinopathy, which can significantly worsen
patients’ quality of life. This work focuses on assessing the quality of life of cancer patients experiencing visual impairment and the
importance of monitoring these side effects.

The study aimed to explore the quality of life of cancer patients with visual impairments resulting from exposure to chemotherapy
and targeted therapy, with special attention to the timing of visual complications, their severity, and reversibility.

Methods: The study analyzed 65 scientific articles in Russian and English published in PubMed, Embase, Cochrane Library, Scopus,
Web of Science, and Google Scholar databases from 2012 to 2024. The search used keywords related to chemotherapy, toxic effects on
vision, and malignant neoplasms. The study included meta-analyses, systematic reviews, controlled clinical trials, and individual case
reports.

Results: Chemotherapeutic drugs such as cisplatin and paclitaxel cause visual impairment, including dry eye syndrome, red eyes,
cataracts, and retinopathy. Targeted drugs such as bevacizumab and erlotinib cause corneal damage, conjunctivitis, and uveitis. Visual
impairment significantly worsens patients’ quality of life, creating difficulties in performing everyday tasks such as reading, driving,
and recognizing faces. These impairments also cause discomfort, dry eyes, and lacrimation and can lead to decreased visual acuity. In
rare cases, the consequences of such impairments lead to partial or complete loss of vision, which seriously affects the patient’s social
functioning and emotional state. The use of special ophthalmological questionnaires allows for the early detection of side effects, which

helps improve patients’ quality of life.

Conclusion: Dynamic quality of life assessment represents a promising approach to understanding and addressing visual impairment
in patients receiving chemotherapy and targeted therapy. These methods consider temporal variations and contextual factors that
influence quality of life, opening the way for personalized interventions that may improve treatment outcomes.

Keywords: chemotherapy, targeted therapy, visual impairments, quality of life.

Introduction: The International Agency for Research
on Cancer (IARC) has estimated that there will be 20
million new cases of cancer and 9.7 million cancer-re-
lated deaths in 2022 [1]. Among the most frequently di-
agnosed cancers, lung cancer and breast cancer stand
out, accounting for 2.5 million and about 2.3 million
new cases, respectively [2].

Lung cancer was the most common cancer world-
wide in 2022, accounting for 12.4% of all cancer cases,
or every eighth diagnosis. Breast cancer among women
is in second place with a share of 11.6% [3], followed by
colon cancer (9.6%), prostate cancer (7.3%) and stom-
ach cancer (4.9%) [1, 4].

According to GLOBOCAN forecasts, by 2050, the
number of new cancer cases could reach 35 million an-
nually. This creates a serious need for significant invest-
ments in the prevention, early diagnosis, and treatment
of cancer diseases [1].

Oncological diseases in Kazakhstan rank 7th among
all diseases and 2nd in mortality after circulatory dis-
eases. Today, more than 205 thousand patients with
cancer are registered, and over 37 thousand new cas-

es are registered annually. The incidence among wom-
en is higher than among men (57% versus 43%) [5]. This
is explained by the fact that breast cancer ranks first in
the morbidity structure [6, 7]. Of those affected, 56%
are working-age [8, 91.

Modern treatment methods have significantly in-
creased patient survival in recent decades [10, 11].
However, methods such as chemotherapy and target-
ed therapy are associated with several systemic and oc-
ular side effects that can seriously affect the patients’
quality of life [12]. Mild or severe visual impairment can
significantly hinder the performance of daily tasks and
decrease the quality of life [13]. Therefore, careful mon-
itoring and treatment of such complications by an oph-
thalmologist is necessary, especially in patients with
pre-existing eye disease.

Chemotherapy and targeted therapy are associated
with side effects such as photophobia, cataract, glau-
coma, and retinopathy [14]. Some targeted drugs cause
specific ocular side effects: imatinib can cause perior-
bital edema and epiphora, cetuximab can cause corne-
al damage and blepharitis, erlotinib can cause ocular
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surface problems, and bevacizumab can cause throm-
boembolic complications [15, 16]. These effects devel-
op due to cytotoxicity, inflammation, and neurotoxici-
ty [17].

Thus, the study of dynamic assessment of the qual-
ity of life of patients who have visual impairment as a
result of chemotherapy is relevant for increasing the
effectiveness of complex therapy and improving the
quality of life of patients. Including a dynamic assess-
ment of visual functions in the general treatment of
cancer will allow for the prediction of the consequenc-
es of chemotherapy and improve treatment planning
by considering visual impairment. This, in turn, will
help to ensure a more personalized approach to treat-
ment, minimizing negative side effects and improving
patients’ quality of life.

The study aimed to explore the quality of life of
cancer patients with visual impairments resulting from
exposure to chemotherapy and targeted therapy, with
special attention to the timing of visual complications,
their severity, and reversibility.

Materials and methods: A structured literature
search was conducted in the PubMed, Embase, Co-
chrane Library, Scopus, Web of Science, and Goo-
gle Scholar databases using a combination of Medi-
cal Subject Headings (MeSH) and keywords related to
chemotherapy, targeted therapy, visual impairment,
and quality of life in patients with cancer. Key search
terms included chemotherapy, targeted therapy, visu-
al impairment, uveitis, retinopathy, quality of life, can-
cer treatment, side effects, and cancer patients. Studies
published between January 2012 and December 2024
were considered to ensure data relevance. Inclusion
criteria included meta-analyses, controlled and origi-
nal studies, cross-sectional studies, systematic reviews,
and case reports. Articles that did not have an evidence
base were excluded. A total of 65 sources met the in-
clusion criteria. The search included peer-reviewed ar-
ticles in English and Russian.

Results: Chemotherapy and targeted therapy drugs
significantly impact the visual organ, causing direct

and indirect cytotoxic effects.

Direct cytotoxic effects include damage to ocular
structures such as the conjunctiva, cornea, retina, and
optic nerve with local and systemic administration of
drugs. G. Wang et al. claim that methotrexate causes
apoptosis in retinal cells, contributing to the develop-
ment of retinopathy and neuropathy [18]. |. Ferah Ok-
kay et al. found that alkylating agents such as cispla-
tin induce DNA damage and oxidative stress, which is
clinically manifested by conjunctivitis, keratopathy,
and uveitis [19]. Chemotherapy used in the treatment
of malignant neoplasms can cause various complica-
tions in the visual organs. A study involving patients
with brain gliomas receiving intra-arterial chemothera-
py revealed the following ocular complications: retinal
angiospasm was observed in 21.8% of patients, retrob-
ulbar neuritis was noted in 12.7% of patients, neuroret-
initis was detected in 10.9% of patients. In addition, de-
creased visual acuity was recorded in 25.5% of patients,
absolute central scotoma in 12.7%, relative central sco-
toma in 14.5%, and concentric narrowing of the periph-
eral visual field in 7.3% of patients [20].

Indirect cytotoxic effects are associated with systemic
toxicity of drugs, leading to inflammation and oxidative
stress of the whole organism [21]. For example, 5-flu-
orouracil stimulates the production of proinflammato-
ry cytokines (IL-6, TNF-a), which worsens the stability
of the tear film and causes dry eye syndrome [22]. Ac-
cording to F. Canino et al., systemic inflammation and
vascular dysfunction can impair the microcirculation of
the eye, contributing to ischemia of the vessels of the
eyeball and can further lead to retinopathy and optic
neuropathy [23]. Understanding these mechanisms is
of key importance for preventing and treating ocular
complications in cancer patients, which helps improve
their quality of life and vision.

Research into the ocular side effects of chemother-
apy and targeted therapy focuses on identifying tox-
ic effects on the eye, their impact on patients’ quality
of life, and developing assessment methods and treat-
ment approaches.

Table 1 - Impact of ophthalmological side effects on quality of life during chemotherapy and targeted therapy

Characteristic Chemotherapy

Targeted therapy

Toxic effects on the organ of
vision
optic neuropathy

Dry eye syndrome, red eye, foreign body
sensation, cataract, retinopathy, macular hole,

Dry eye syndrome, conjunctivitis, uveitis, corneal
changes, lower eyelid eversion

Ophthalmic impact on quality
of life

Difficulty reading, driving, recognizing faces,

Difficulty reading, driving, recognizing faces,

discomfort, dry eye, decreased vision, vision loss

tearing, discomfort

Intervention measures

Treatment of the cornea and conjunctiva, regular
vision, and fundus examinations.
Collaboration between oncologists,

Treatment of the cornea and conjunctiva, regular
vision examinations.
Collaboration between oncologists,

ophthalmologists, and psychologists for a
comprehensive approach to treatment

ophthalmologists, and psychologists for a
comprehensive approach to treatment

Visual disturbances associated with chemotherapy
and targeted therapy.

Chemotherapeutic drugs cause complications, in-
cluding dry eye syndrome [20, 24], keratopathy [25],

cataracts, retinopathy, optic neuropathy [26, 27], and
macular holes [28, 29] (Tables 1 and 2).

Carboplatin is considered less ocular toxic than its an-
alog cisplatin, but it can still cause ophthalmological side
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effects, especially at high doses or for long periods [30].
In contrast, cisplatin has greater toxicity to the retina and
optic nerve, which can lead to the development of serious
complications such as optic neuropathy or ischemic reti-
nopathy. For example, S. Shihadeh et al. described a clini-
cal case of a patient with neuroendocrine bladder cancer
who developed rapidly progressive bilateral optic neu-
ropathy during treatment with cisplatin. Despite the use
of high doses of steroids, the patient’s condition did not
improve, which emphasizes the severity of this compli-
cation [30]. A similar case was described in a 16-year-old
patient receiving cisplatin for the treatment of Hodgkin’s
lymphoma. The patient developed toxic optic neuropa-

thy, which led to significant vision loss. This case high-
lights the potential risk of ophthalmologic complications
with cisplatin, especially in young patients, and the need
for careful monitoring of the optic nerve during therapy
[26]. A study by J. Kim et al. described a case of a 79-year-
old man with small-cell lung cancer who developed ir-
reversible bilateral vision loss after polychemotherapy
with carboplatin and cisplatin. Examination revealed reti-
nal artery stenosis, diffuse thinning of choroidal and reti-
nal tissues, and retinal vascular ischemia. Polychemother-
apy can lead to irreversible vision loss, which highlights
the importance of physicians being aware of the poten-
tial ocular toxicity of these drugs [31].

Table 2 - Chemotherapeutic drugs and their toxic effects on the visual organ

and docetaxel are used
to treat breast, lung, and
ovarian cancers.

cystoid macular edema,
diplopia, eyelash alopecia,
blepharitis, meibomian
gland dysfunction, tubular
obstruction

meibomian glands, retina

Preparations Indications for use Clinical manifestations An object of toxic action Notes
Cisplatin Cisplatin is used in the Retrobulbar neuropathy, Optic nerve and retina Discontinuation of
treatment of various optic neuritis, color cisplatin treatment results
malignant tumors. blindness, central in improvement of the
blindness, homonymous condition
hemianopsia, retinopathy,
retinal vascular occlusion
Carboplatin Carboplatin is used to treat | Blurred vision, changes Cornea It is recommended to
various malignant tumors in color perception, monitor vision when
but with better tolerability. metamorphopsia, dry eye carboplatin is prescribed,
syndrome. especially with long-term
Optic neuropathy (rare) use.
Taxan Drugs such as paclitaxel Dry eye syndrome, Lacrimal glands, cornea, If necessary, replacement

with other drugs is possible.

Antimetabolites

Methotrexate and
5-fluorouracil are widely
used in the treatment of

Corneal xerosis, lacrimal
duct obstruction, punctate
epithelial keratopathy,

Corneal epithelium, lacrimal
duct obstruction, lacrimal
drainage dysfunction

Regular ophthalmological
examinations and treatment
of lacrimal duct obstruction,

various malignant tumors.
blepharitis

conjunctival hyperemia,

prevention of xerosis

In a study by E. Cosmo et al., changes in the cornea
in patients with breast cancer treated with paclitaxel
were studied using confocal microscopy. The chang-
es revealed resulted in eye discomfort and lacrimation,
significantly reducing the patients’ quality of life. The
method made it possible to detect early changes in the
corneal layers [24].

A similar study by JCB Chiang et al. confirmed that
corneal nerve contraction may persist even after com-
pletion of chemotherapy. In vivo, corneal confocal mi-
croscopy is useful for monitoring corneal health in che-
motherapy patients [32].

Like other treatments, targeted therapy may have
side effects, including those affecting the eye. Howev-
er, itis generally considered more specific and less tox-
ic than chemotherapy. The effects of targeted therapy
on the eye depend on the specific drug and its mech-
anism of action. Targeted therapy is often associat-
ed with conjunctivitis and corneal lesions [33] and, in
rare cases, can lead to eversion of the lower eyelid [34].
These side effects significantly limit patients’ daily ac-
tivities, causing difficulties with reading, driving, and
recognizing faces, and sometimes from decreased vi-
sion [35] to vision loss [31] (Tables 1 and 3).

Table 3 - Main toxic effects of targeted therapy drugs on the visual organ

Preparations Toxic effect on the organ of vision

Clinical manifestations Notes

EGFR and FGFR inhibitors Retinopathy, corneal ulceration

Damage to the corneal
epithelium, deterioration of visual
acuity

The process improved after
treatment was stopped.

Vandetanib, Osimertinib, ABT-
414, ASP-5878, FPA-144

Corneal epithelial lesion

Deterioration of visual acuity,
changes in the corneal epithelium

Reversibility of changes after
cessation of therapy

Belamaf Microcystic epithelial changes of

the cornea

Corneal changes with microcystic
lesions both centrally and
peripherally

Reversibility of changes after
cessation of therapy

D. Barmas-Alamdari et al. described the case of a
59-year-old woman with metastatic breast cancer who

developed crusting and a gritty sensation in both eyes.
Ophthalmologic examination revealed multiple de-
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fects, including corneal ulcers and ulcerations. The pa-
tient’s eyes stabilized after discontinuing trastuzumab
and treating the keratopathy [36].

Ophthalmological questionnaires.

In addition to ophthalmological complications,
which can have a significant impact on the quality of
life of patients receiving chemotherapy and targeted
therapy, these treatments also have an impact on psy-
chological health.

Patients often suffer from increased levels of de-
pression, anxiety, and social isolation, which further
impacts overall well-being and perceived quality of
life [37, 38]. This is an important aspect to consider in
a comprehensive assessment of the patient’s condition
during treatment.

Eye complications such as dry eyes, decreased vi-
sion, and other vision problems can increase anxiety
and loneliness because they make it difficult to per-
form normal daily activities [37, 39-44].

In this context, introducing ophthalmological ques-
tionnaires and scales to assess the quality of life of pa-
tients undergoing chemotherapy is paramount.

These questionnaires allow an objective and quan-
titative assessment of treatment-related visual impair-
ments and monitor the impact of visual impairments
on patients’ overall quality of life [45].

Questionnaires such as the National Eye Institute Vi-
sual Function Questionnaire (NEI VFQ-25)[46], Ocular
Surface Disease Index (OSDI)[47], European Organiza-
tion for Research and Treatment of Cancer Quality of
Life questionnaires (EORTC-QLQ-C30 and EORTC-QLQ-
MY20)[48] help to identify the most subtle changes in
visual acuity and their changes.

Ophthalmological questionnaires such as OSDI and
NEI-VFQ-25 can confirm the safety or risk of a drug for
the eye by assessing eye symptoms and their impact
on the patient’s daily life [49]. They can detect chang-
es in visual functions such as dryness, irritation, eye
pain, and blurred vision. If the symptoms remain sta-
ble or improve during treatment, this may indicate the
drug’s safety. For example, in the study by R. Popat et
al. within the DREAMM-2, questionnaires such as OSDI
and NEI-VFQ-25 showed that visual impairment caused
by benthamab was temporary. This confirms the drug’s
safety for the eye since most symptoms, such as tem-
porary visual impairment, dryness, and eye pain, recov-
ered within a few weeks without a long-term impact on
the patients’ quality of life [50].

VF-14 (Visual Function Index) questionnaire con-
sists of 18 questions covering 14 types of daily visu-
al activities. The results allow us to determine the pa-
tient’s subjective assessment of visual functions.

The ADVS (Activities of Daily Vision Scale) in-
cludes 21 questions that assess aspects such as night
and day vision, distance and near vision functions, and
contrast perception. It was originally developed for cat-

aract patients but can be adapted to assess other visu-
al impairments.

An example of the application of these question-
naires is the study by J. Ma et al., who used two ques-
tionnaires to assess dry eye symptoms and adverse ef-
fects of cancer therapy in breast cancer patients: the
OSDI and the National Comprehensive Cancer Net-
work Breast Cancer Symptom Index-16 (NFBSI-16). The
OSDI questionnaire was administered to all participants
to assess the severity of dry eye, and the NFBSI-16 was
administered specifically to those undergoing cancer
treatment to assess therapy-related symptoms. The re-
sults showed that 59% of breast cancer patients under-
going chemotherapy or targeted therapy experienced
symptomatic dry eye, which was significantly high-
er compared to 25.5% in the control group. The study
highlights the importance of monitoring dry eye symp-
toms in patients receiving chemotherapy or targeted
therapy and recommends early intervention to improve
their quality of life during treatment. General question-
naires are also used to assess the quality of life of cancer
patients: FACT-G (Functional Assessment of Cancer
Therapy - General), designed for a general assessment
of the quality of life of patients with cancer, covers phys-
ical, social, emotional and functional well-being; EORTC
QLQ-C30 (European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire)
is a widely used tool for assessing the quality of life of
cancer patients, including 30 questions covering vari-
ous aspects of health and well-being. Regularly using
these monitoring methods will allow for timely detec-
tion and correction of ophthalmological complications
arising from chemotherapy, as well as ensuring optimal
quality of life for patients.

Validation of dynamic assessment questionnaires
designed specifically to assess vision-related quality of
life in patients undergoing chemotherapy and target-
ed therapy will require additional research. Consider-
ing the complex interactions between variables affect-
ing quality of life requires multidisciplinary strategies.

It is necessary to note the possible methods of
correction of complications from the organ of vision
during chemotherapy, which require a comprehen-
sive approach to correction, including drug therapy,
physiotherapeutic methods, and surgical interventions
(Table 4).

General correction methods include dynamic mon-
itoring (regular ophthalmologist examinations once
every 3 months during chemotherapy), optical coher-
ence tomography (OCT) is also performed to assess the
retina and optic nerve condition, and fluorescent an-
giography to monitor vascular changes. It is necessary
to correct chemotherapy doses in the treatment of the
underlying disease in case of severe side effects and
conduct maintenance therapy to reduce the toxic ef-
fects of drugs.
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Table 4 - Methods of correction of complications from the organ of vision during chemotherapy

Correction form

Method

Correction of vascular disorders
(angiospasm, retinopathy, retinal
microangiopathy)

antioxidants and angioprotectors, drugs to improve vascular tone, corticosteroids (for severe retinal
edema), physiotherapeutic methods (laser coagulation of the retina for diabetes-like changes, magnetic
therapy to improve vascular tone)

Correction of neuropathies (retrobulbar
neuritis, neuroretinitis)
stimulate nerve activity)

neuroprotectors and B vitamins, glucocorticosteroids (for inflammatory changes), anticoagulants and
antiplatelet agents, physiotherapeutic methods (electrical stimulation of the optic nerve, acupuncture to

(keratopathy, epitheliopathy, dry eye
syndrome)

Correction of dry eye and corneal lesions| artificial tears, anti-inflammatory agents, regenerating agents, antibacterial drops (if there is a risk of
infection), physiotherapeutic methods (light therapy and laser stimulation of corneal regeneration)

Correction of central and peripheral
visual impairments (central and
paracentral scotoma, narrowing of visual
fields)

retinal metabolism stimulants, drugs to improve hemodynamics, physiotherapeutic methods (laser
exposure to the retina to stabilize the process, training using computer programs to restore visual fields)

Conclusion: Survival of patients with cancer has im-
proved significantly due to the development of anti-can-
cer drugs, including systemic chemotherapeutic agents.
However, long-term side effects, including visual impair-
ment, can significantly affect the quality of life of these
patients. The lack of specific recommendations for ocu-
lar monitoring during chemotherapy and targeted thera-
py exacerbates the problem, as such drugs can cause se-
rious visual complications that remain underestimated.

Comprehensive correction of ophthalmological
complications during chemotherapy should include
drug therapy, physiotherapeutic methods, and regular
vision monitoring. Early diagnosis and timely treatment
help minimize the risks of persistent visual impairment
and maintain patients’ quality of life.

Dynamic quality of life assessment represents a
promising approach to understanding and address-
ing visual impairment in patients receiving chemother-
apy and targeted therapy. Given the temporal varia-
tions and contextual factors that influence quality of
life, these methods open the door to personalized inter-
ventions that can improve treatment outcomes. As vi-
sion-specific quality-of-life assessment tools, Ophthal-
mology questionnaires have significant potential to
improve care and well-being in this vulnerable patient
population.
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AHJATIIA

XUMHUOTEPAIIUSA AJIFAH HAYKACTAP/bIH KOPY KABUVIETIHIH BY3bIJ1Y BIMEH
BAUJIAHBICTBI OMIP CAITACBIH IUHAMUKAJIBIK BAFAJIAY

P.M. Hpmexobaes', E.M. Hzmneyos', E.T. Mypamosé', T.C. Aounos', I.M. Hzmneyoea'

I«Mapar OcnaHoB aTbiHaarbl baTbic KazakcTan meauumna yHusepcuteti» KEAK, AkTebe, Kazakctan Pecny6aukaco

Ozexminizi: OHKONOUANBIK aAypYLaApObl emoeyoe KONOAHBLIAMbIH XUMUOMEPANUs MHCOHe MAKCammvl Mmepanus XHcui Kepy
@yuryusacvina ocep ememin dcanama scepaepoi myovipaowvl. Mynoail ackvinynapea Kypear k63 CUHOpOMbl, KAMAapaxkma, Kepamonamus,
pemunonamus dcone backanap sxcamaosvl, Oyn nayuenmmepOoiy oMip Cypy Canacevln aumapivlKmai Hawapiamysl MymKin. bya maxanaoa
Kepy Kabineminiy Oy3uLiybl 0ap OHKOIO2UANBIK HAYKACMAPObIY OMID Candacbii 6azanayeaa jHeoHe 0Cbl Hcanama acepiepoi OaKpliayovly
Mayvi30blIbl2bIHA baca Ha3ap ayoapulidob.

Maxranansly MaKcamol: Kopy acKbIHYIAPLIHbIY NAUOA 60y YaAKbIMbIHA, 01APObIY AYbIPALIZEIHA JHCOHE KAUMbIMObLIbLIZbIHA epeKite
Hasap ayoapa omelpuin, XUMUSALLIK JCOHE MAKCAMMbl MePaAnUAHblY dCepiner MyblHOAlmMvlH Kopy Kabinemi Oy3vi12aH OHKOIOLUSANbIK
HAyKacmapowly oMip cypy Canacvii sepmmey.

Adoicmepi: 3epmmeyee 2012-2024 scvindap apanvievinoa PubMed, Embase, Cochrane Library, Scopus, Web of Science scone Google
Scholar oepexkoprapvinOa dcapusananaan Opwic HeoHe a2blIubIH miloepinoei 65 ebliblMu MaKaidea mauoay xeacanovl. 130ey kesinoe
Xumuomepanus, Kopy YelMmuliblebl JHcoHe Kamepai iCikke Kamvlcmul Hezizei co30ep Konoanuliovl. 3epmmeyze Mema-manoayiap,
Jcylieni wonynap, OaKblIaHamvli KIUHUKAIbIK 3epmmeynep JdcoHe diceke dcazoail ecenmepi Kipoi.

Homuacenepi: Lucniamun dcone naxiumaxcen CUAKMbl XUMUOMEPANeemiK npenapammap Kypeax ko3 cUHOPOMbl, Kbl3blil KO3,
Kamapaxkma Jicone pemuHonamus CUsKmol kepy Oysvlivicmapuii myovipaovl. Besayuzymab scone 3pnomuHubd cusaKmol MaKcammol
npenapammap Kacar Ka0blKmully 3aKblMOAHYbIH, KOHBIOHKIMUGUM NeH ygeummi myowvipaosl. Kepy xabineminiy Oy3v11ybl nayuenmmepoiy
OMIp Cypy canacuvli aumapaelKmail Hauapiamaoul, OKY, KoLK HCypeizy scone 6em-oanemmi many cusakmeol KyHOeiKmi manculpmaniaposl
OpPBIHOAYOa KUBIHOLIKIMAP myosbipaovl. byn Oy3vinyiap cOHbIMEH Kamap blH2aucbl30bIKmyl, KypaakK Ke30i, dcacnmuvl myovlpaodsl HoHe
Kepy emkipaiciniy memenoeyine okenyi mymkin. Cupex swcazoaunapoa myHoau Oy3ulayiapobly caioapvl Kepy Kabiieminiy iwinapa
HeMmece MObIK HCo2ANYbIHA dKenedl, Oy NayueHmmiy d1eyMemmiK AHCYMbICLIHA HCOHE IMOYUOHANOBIK HCa20atiblHa eneyii ocep emeol.
ApHativl 0pmanbMOI0SUATBIK CAVATHAMAHBL KOIOAHY HCAHAMA dcepiepli epme aublKmayed MyMKIHOIK Oepedi, Oyn nayuenmmepoiy
oMip canacwiH dcaKcapmyaa KomeKmeceoi.

Kopvimuinowi: Omip cypy canacvii OUHAMUKAILIK Oa2anay Xumuomepanus Mmen MaKcammol mepanustvl a1ameli nayuenmmepoeei
Kepy Kabineminiy OY3vLIyblH MyCiHy2e JHCoHe uweuly2e nepCnekmusavl Kesxkapacmul 6i10ipedi. OMip canacvina scep ememin yaKpimuid
o32epicmep MeH KOHmMeKCmIK paxmopnapovl eckepe omuipuin, Oy 90icmep emoey HOmudiceepin JHcaKcapmamoli JHeeke apanacyad HeoJ
awaowl.

Tyiiinoi ce3zoep: xumuomepanus, MaKcammol mepanus, Kopy Kaobineminiy Oy3viiybl, OMIp canacol.

AHHOTAIHS

JNHAMUNYECKAS OINEHKA KAYECTBA KU3HU, CBA3AHHOI'O
C HAPYHIEHUEM 3PEHUA YV BOJIBHBIX, ITIOJTYYAIOIIUX XUMUOTEPAIINIO

P.M. Hpmexoaes', E.M. Hzmneyos', E.T. Mypamoé', T.C. Aounos', I .M. Hzmneyosa'
THAO «3anajiHo-Ka3axcTaHcKuit MenLMHCKuiA yHuBepcuTeT MMeHn Mapata OcnaHoBax, AkTo6e, Pecny6nuka Kasaxcrau

Axkmyansnocmb: Xumuomepanua u mapeemuas mepanus, UCNOAb3YeMble Npu JledeHuu paxd, HepeoKo CONPOBOHCOAIOMCs
nobounviMu dpghexmamu, Komopwvie zampacusarom spumenviyio Qyuxyuio. Cpeou maxux 0CI0ICHEHUL — CUHOPOM CYX020 2ld3d,
Kamapaxma, Kepamonamus, pemuHonamus u opyaue, KOmopble MOZYNn 3HAYUMENbHO YXYOulams KA4ecmeo HCU3HU nayuenmos. B
OoanHoll pabome aKyenm cOenan Ha OYeHKe Kayecmed JHCUHU OHKONI02ULECKUX OONIbHBIX, UCTLIMbIBAIOWUX 3PUMETIbHble HaPYIEeHUs, U
BAIHCHOCTNU MOHUMOPUHEA IMUX NOOOUHBIX 3 hermos.

Ilens uccnedosanus — u3yuumo Kauecmeo MHCUSHU OHKODONbHLIX € HAPYUIEHUAMU 3DEeHUsl, 603HUKAIOWUMU 6 pe3yibmame
6030€liCMBUs XUMUO- U MAP2eMHOL Mepanuy, ¢ 0COObIM AKYeHMOM HA 6peMeHU GO3HUKHOBEHUS 3DUMENbHBIX OCLOMCHEHUU, UX
BLIPANCEHHOCIU U 0OPAMUMOCTIU.
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Memoowi: B pamkax ucciedosanus 6ul1 npogeder anaius 50 Hayunvlx cmametl Ha pYCCKOM U AH2IULCKOM 3bLKAX, ONYOIUKOGAHHBIX
6 6asax oannvix PubMed, Embase, Cochrane Library, Scopus, Web of Science u Google Scholar ¢ 2012 no 2024 2o0wi. /[{na noucka
UCNONIL30BANIUCH KIIOUEBbIE CI08d, C8A3AHHbIE C XUMUOMEPanuel, MOKCULeCKUMU 8030eUCMEUAMU HA 3PEHUe U 310KAYeCMEEeHHbIMU
HOB006pazosanusmu. B ucciedosanue Guliu KIIOYEHbI MEMAAHAIU3bI, CUCMEMAMUYEcKUe 0030pbl, KOHMPOIUPYEMble KIUHULECKUEe
UCNBIMAHUSL U UHOUBUOYAIbHbLE KIUHUYECKUE CIYYAU.

Pe3yrvmamut: Xumuomepanesmuueckue npenapamol, maxue KaxK YUCHAAMUH U NAKIUMAKCe]l, 8bl3bl8AI0N 3PUMEIbHble HAPYULeHUSL,
BKIIOYASI CUHOPOM CYXO020 21d3d, NOKPACHEHUe 21143, Kamapaxmy u pemunonamuio. Tapeemuvle npenapamol, maxkue Kax 6eeayuzymad
U IPLOMUHUD, NPUBOOSIM K NOBPEACOCHUIM PO2OBUYbL, KOHBIOHKMUBUMY U YEeumy. 3pumenvHoie HapyueHus 3HaYUmenbHo yXyoulaom
Kauecmaeo JHeU3HU RAyueHmos. Dmu HapyueHUust MaKice 8bl3blearonm OUCKOMMOPM, CYXOCb 8 21d3aX, CIe30MmeueHue U MO2Ym npueecmu
K CHUDICEHUIO 0Cmpombl 3penusi. B pedkux ciyuasx nociedcmeus makux HApyweHnuti npugoosim K YaCmMuyHoU uiu NOJIHOU nomepe
3PeHUs, YMO CepPbe3HO CKA3bIBAEMC sl HA COYUANLHOM QYHKYUOHUPOBAHUY U IMOYUOHALLHOM COCMOSHUY nayuenma. HMcnonvzosanue
CNEeYUAIbHbIX 0PMATbMOIOSULECKUX ONPOCHUKOE NO360JIeN HA PAHHUX CIAOUSX 8blA6UMb NOOOUHBLE dhpexmbl, umo cnocobcmeyem
VAYUUEHUIO KAYeCmEa JCU3HU NAYUCHINOG.

3aknwuenue: [Junamuieckas oyeHKa Kavecmea Heu3hu npedcmasiiem coooil nepCnekmusHulil n00Xo0 0J1s1 HOHUMAHUS U PeuleHUs,
npoOIEMbl 3PUMENbHBIX HAPYULEHUT Y NAYUEHMO8, NOLYYAIOWUX XUMUOMEPANUIO U MAPSEMHYI0 mepanuio. Yuumléas epeMeHHble
KOeOanUsl U KOHMEKCMYalbHble PAKmMOopbl, GIUSIOUUE HA KAYeCMEO HCUZHLU, IMUMEMOObL OMKPLIEAIONM NYMb 015l NEPCOHATUZUPOBANHBIX
BMEUWAMENbCME, KOMOPbLE MO2YM VIYYUUUMb PE3YIbMambl 1eYeHUsL.

Knioueswle cnosa: xumuomepanus, mapeemuas mepanus, HapyuleHus 3peHusl, Kauecmeo JHCUsHuU.
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ABSTRACT

Relevance: The problem of reproductive health of women suffering from oncological diseases is becoming increasingly important
in the context of modern healthcare. Breast cancer is increasingly diagnosed in young women of reproductive age, which creates a need
to study the impact of these diseases on the ovarian reserve, which is critical for the ability to conceive.

This study aims to assess the impact of breast cancer on the ovarian reserve of women of reproductive age, as well as to develop
strategies for preserving fertility.

Methods: The study involved 80 patients with oncological diseases and 61 conditionally healthy women in the Control Group. The
ovarian reserve was assessed by ultrasound examination with antral follicle counting and hormonal status analysis (FSH, LH, AMH).

Results: The average number of antral follicles in the main group was lower (Me=6) compared to the Control Group (Me=9), which
was statistically significant (p<0.001). FSH and AMH levels also showed sig-nificant differences between the groups, confirming the
negative impact of cancer on the ovarian reserve. The LH level, however, remained stable in both groups (p=0.661).

Conclusions: The study showed that cancer significantly impacts the ovarian reserve, reducing women’s reproductive capabilities.
These data highlight the need to integrate fertility preservation strategies, including oocyte cryopreservation, into treatment programs.
An interdisciplinary approach that combines the efforts of oncologists and reproductive specialists is important to achieve better clinical
and personal outcomes for patients. Further research will help to deepen the understanding of the mechanisms affecting the ovarian

re-serve in the context of cancer.

Keywords: breast cancer, ovarian reserve, hormonal status, fertility preservation, reproductive health.

Introduction: The problem of reproductive health of
women suffering from oncological diseases is becom-
ing increasingly important in the context of modern
healthcare [1]. Breast cancer is increasingly diagnosed in
young women of reproductive age, which creates a need
to study the impact of these diseases on the ovarian re-
serve, which is critical for the ability to conceive [2, 3].
Modern treatment methods such as chemotherapy and
radiotherapy often cause a decrease in ovarian reserve,
thereby jeopardizing the possibility of future pregnan-
cy [4-8]. Studying the relationship between cancer and
changes in ovarian reserve allows us to develop more ac-
curate strategies for preserving fertility, which is impor-
tant for improving patients’ quality of life [9, 10].

This study aims to assess the impact of breast cancer
on the ovarian reserve of women of reproductive age, as
well as to develop strategies for preserving fertility.

Materials and Methods: The study involved 80 pa-
tients aged 18 to 45 with breast cancer who were diag-
nosed and treated at the Tashkent city branch of the Re-
publican Specialized Scientific and Practical Medical
Center of Oncology and Radiology (Tashkent, Uzbekistan).
The Control Group included 61 conditionally healthy wom-
en of relevant ages. The ovarian reserve was assessed by
ultrasound examination with antral follicle counting and
hormonal status analysis (FSH, LH, AMH) before treatment.
Laboratory studies were conducted in the private clinic
“Mediopharm ECO” (Tashkent, Uzbekistan).

Table 1 provides descriptive statistics for categorical
variables obtained in the study. Several key points re-
garding the distribution of participants across groups
and tumor types will be emphasized.

The main study group consisted of 80 participants,
which corresponds to 56.3% of the total number of
those examined. The Control Group, which included 61
conditionally healthy patients, accounted for 43.7%. The
study observations were characterized by an equal dis-
tribution between the group with breast cancer and the
Control Group regarding representativeness.

This distribution suggests that the study is repre-
sentative enough to allow comparison of data between
patients with cancer and conditionally healthy partici-
pants. The categorical variables studied highlight the
importance of understanding not only quantitative in-
dicators but also qualitative characteristics of patients,
which may have a significant impact on further analysis
of ovarian reserve and hormonal status in the context of
a particular disease.

Modern statistical methods were used to process
and analyze the data. Descriptive statistics were pre-
sented as frequencies, percentages, and confidence
intervals (95% Cl). Groups were compared using the
Mann-Whitney test for independent samples, where
p-values less than 0.05 were considered statistically sig-
nificant. All calculations were performed using statisti-
cal analysis software.
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Table 1 - Descriptive statistics of the study’s categorical variables

. . Values
Indicators Categories
Abs. % 95% ClI
Main Group 80 56.3 47.8-64.6
Research Group
Control Group 61 43.7 35.4-52.2
Breast Cancer 80 56.7 48.1-65.0
Tumor type
Norm 61 43.3 35.0-51.9
| 22 15.6 10.0-22.7
I 29 20.6 14.2-28.2
Cancer Stage 1 20 14.2 8.9-21.1
\Y, 9 6.4 3.0-11.8
N 61 43.3 35.0-51.9

Results: According to Table 2, the mean age of the par-
ticipants was 31 years, with a range of 18 to 45 years. The

number of antral follicles ranged from 1 to 15; the median
value was 6, and the interquartile range (IQR) was 4 to 9.

Table 2 - Analysis of the ovarian reserve indicator depending on the tumor type

. Categories Tumor Type
Indicators p-value
Me Q,-Q, n
. BC 6.00 3.00-8.00 80
Antral follicle count <0.001*
norm 9.00 5.00-11.00 61
. . . BC 6.75 5.70-15.03 80
Follicule-Stimulating Hormone (mIU/ml) <0.001*
norm 6.40 3.80-8.40 61
. BC 5.35 4.20-12.00 80
Luteinizing Hormone (mIU/ml) 0.543
norm 5.40 4.60-6.30 61
. . BC 2.35 0.67-3.20 80
Anti-Mullerian Hormone (ng/ml) 0.030*
norm 2.70 1.30-3.90 61

Notes: BC - breast cancer; * - differences in indicators are statistically significant (p<0.05)

The analysis showed that the number of antral folli-
cles in patients with breast cancer was 6.00 (IQR = 3.00-
8.00) among 80 participants. In the Control Group, in-
cluding women with normal ovarian reserve, a median
of 9.00 (5.00-11.00) with 61 participants. Statistical analy-
sis revealed significant differences between the groups
(p < 0.001), indicating a weakening of the ovarian re-
serve in patients with breast cancer.

The FSH level in women with breast cancer was 6.75
mlU/ml (5.70-15.03), while in the Control Group, it was
6.40 mlU/ml (3.80-8.40). Statistically significant differ-
ences were also found (p<0.001), indicating that the
presence of cancer can negatively affect the hormonal
background and change the functioning of the ovaries.

For the LH indicator, the results were 5.35 mlIU/ml
(4.20-12.00) for the BC group and 5.40 mlU/ml (4.60-
6.30) for the norm. Here, statistically significant differ-
ences were not found (p=0.543), which may indicate a
stable LH level despite a malignant process.

As for AMH, the median for patients with breast can-
cer was 2.35 ng/ml (0.67-3.20), while for the Control
Group, it was 2.70 ng/ml (1.30-3.90). In this case, statis-
tically significant differences were also found (p=0.030),
confirming the decrease in AMH levels in cancer patients
and indicating possible depletion of the ovarian reserve.

We analyzed the ovarian reserve indicator depend-
ing on the cancer stage.

Significant results were obtained as part of the anal-
ysis of ovarian reserve indicators depending on the
breast cancer stage, presented in Table 3. Thus, the
study showed that the disease stage significantly af-
fects various ovarian reserve parameters.

According to the number of antral follicles, it was
found that in Stage |, the median was 6.00 (IQR=5.00-
8.00) in 22 patients. In Stage ll, this indicator was higher,
at 7.00 (5.00-9.00), in 29 participants. However, in Stages
Il and IV the number of antral follicles decreased to 4.00
(2.00-7.00) and 4.00 (1.00-6.00) in 20 and 9 patients, re-
spectively. These results indicate statistically significant
differences between the stages (p<0.001), which indi-
cates increasing depletion of the ovarian reserve with
disease progression.

FSH showed a similar trend: at Stage |, the level was
6.60 mlU/ml (5.62-13.92), and at Stage Il - 6.10 mIU/ml
(5.50-10.10). However, the FSH levels at Stages Ill and IV
increased significantly - to 13.35 mlU/ml (6.30-15.93)
and 13.50 mlU/ml (6.40-18.00), respectively. These re-
sults also demonstrated statistically significant dif-
ferences (p = 0.001), indicating that FSH level increas-
es with cancer progression, which may indicate ovarian
dysfunction.

According to the LH level at Stage |, the median was
5.10 mlU/ml (4.17-7.83) and Stage Il - 4.80 mIU/ml (4.10-
5.80). At Stages Il and IV, the LH level increased to
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11.00 mIU/ml (5.30-13.70) and 9.00 mlU/ml (5.10-12.50),
respectively, which also confirmed the statistical sig-
nificance of the differences (p=0.015). An increase in

LH levels with disease progression may reflect the
body’s adaptation mechanisms to changes in ovarian
function.

Table 3 - Analysis of the ovarian reserve indicator depending on the cancer stage

. stage
Indicators Cancer stage p
Me Q,-Q, N

| 6.00 5.00-8.00 22
Il 7.00 5.00-9.00 29 <0.001*

Antral follicle count i 4.00 2.00-7.00 20 PI0.001 o
\ 4.00 1.00-6.00 9 1V=0.004
N 9.00 5.00-11.00 61
| 6.60 5.62-13.92 22
Il 6.10 5.50-10.10 29 0.001*

Follicule-Stimulating Hormone (mIU/ml) ] 13.35 6.30-15.93 20 III=0.p0'\(l)-5pN-
I\ 13.50 6.40-18.00 9 1V=0.041
N 6.40 3.80-8.40 61
| 5.10 4.17-7.83 22
Il 4.80 4.10-5.80 29

Luteinizing Hormone (miU/ml) M 11.00 5.30-13.70 20 p|||(-)|'|0=105.621
I\ 9.00 5.10-12.50 9
N 5.40 4.60-6.30 61
| 2.40 0.93-3.35 22
Il 3.00 1.80-3.30 29

Anti-Mullerian Hormone (ng/ml) 1 0.90 0.50-2.82 20 0.024*
\% 0.90 0.40-2.60 9
N 2.70 1.30-3.90 61

Notes: * - differences in indicators are statistically significant (p<0.05)

As for AMH, its levels were 2.40 ng/ml (0.93-3.35) at
Stage | and 3.00 ng/ml (1.80-3.30) at Stage Il and de-
creased to 0.90 ng/ml (0.50-2.82) and 0.90 ng/ml (0.40-
2.60) at Stage lll and 1V, respectively. These results also
showed statistically significant differences (p=0.024),
confirming that AMH levels significantly decrease at late
stages of the disease, indicating depletion of ovarian re-
serve.

Thus, the data show that breast cancer progression
negatively affects all the studied parameters of ovari-
an reserve. A decrease in the number of antral follicles
and AMH levels, as well as an increase in FSH and LH lev-
els at later stages of the disease, emphasize the need for
special attention to the state of reproductive function in
women with cancer. These results may be useful for clin-
ical monitoring and treatment planning, as well as for
discussing fertility issues with patients.

Discussion: The study results revealed a negative
impact of oncological diseases on the ovarian reserve.
A significant decrease in the number of antral follicles in
the participants of the main group, compared with the
Control Group, indicates possible damage to the ovar-
ian tissue due to either the disease itself or aggressive
treatment. This was reflected most of all in the indica-
tors of the number of antral follicles and the levels of
FSH and AMH hormones. The FSH level was significant-
ly higher in patients with oncological diseases, which

may indicate insufficient ovarian function and compen-
satory mechanisms of the body to stimulate follicular
growth.

The observed differences in AMH levels also con-
firm the deterioration of the ovarian reserve since this
Hormone correlates with the number of antral follicles
and is considered an important biomarker of repro-
ductive health. Interestingly, the LH level remained sta-
ble, which may indicate a selective lesion of the folli-
cle-stimulating system in the ovaries without affecting
the hypothalamic-pituitary mechanisms regulating LH
production.

Conclusion: The impact of cancer on ovarian re-
serve significantly limits women'’s future reproductive
options. These findings are important for the devel-
opment of fertility programs that may include oocyte
cryopreservation prior to aggressive treatment or the
use of ovarian protection methods during therapy. The
study highlights the need for a multidisciplinary ap-
proach in treatment planning, with oncologists, repro-
ductive specialists, and psychologists working together
to ensure patients’ best clinical and personal outcomes.

Thus, the analysis shows that oncological diseases
significantly affect ovarian reserve indicators such as
the number of antral follicles, FSH, and AMH levels. It is
important to take these differences into account when
planning treatment and maintaining reproductive func-
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tion in women who have breast cancer. It is also nec-
essary to continue research to understand the mecha-
nisms affecting ovarian reserve and hormonal status in
women with oncological diseases.
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AHJATIIA

OHKOJIOTUAJIBIK ITPOLHECTIH AHAJIBIK CYT BE3 KOPbIHA OCEPIH 3EPTTEY
A.JK. Kaxxapos', H.X. Xooxcaesa'?

ITaluKeHT MeMIEKETTIK CTOMATONOrMANbIK MHCTUTYTbI, TalLKeHT, B36eKcTaH;
Z«Mezanodapm IKO» eke emxaHacbl, TalikeHT, B36eKcTaH

Ozexminizi: OHKONOUATLIK aypyiapoan 3apoan uiecemin oulendepoiy penpoOyKmuemi OeHcayivlabl Moceneci 3aMAanayu
OdeHcaynvik cakmay mypevicvinan aumapavikmail ecyoe. Cym 6e3i kamepii iciei penpoOyKmuemi sxcacmazvl sHcac ouendepoe Hui
Ouazno3 Kouwliaowl, Oyl OHKOIO2USLIBIK AYPYLAPObLH JHCYKMINIK Kabiiemi yuin Maybl30bl aHAIbIK Oe30epiil pesepsine ocepin sepmmey
Kascemminiein myovipaowsi. Cym 6e3i kamepnui iciei penpodyKmuemi sjcacmazwvl dcac duendepoe ouasho3 Kouvliaosl, 6y Kamepii icik
aypyolHblY AHALIK Cym 6e3 KOPbIHA 9Cepin 3epmmey Kadcemminicin myovipaosl, Oy JdcyKminik Kabiiemine onme Mayvl30bl.

3epmmeydin maxcamot — penpodykmusmi dyxcacmazel olendepoiy ananvli 6es Kopvina cym Oe3i Kamepai icieiniy ocepin bazanay,
conoati-ax KyHapavlIblKmel cakmay Cmpame2usiapuii o3ipiey.

Adoicmepi: 3epmmeyoe 80 OHKONO2UANBIK AYPYAAPOAH 3apoan wie2emin HAyKacmap dcoue oaxwviiay moodvinoa 61 wapmmel cay
Haykacmap Kamoicmol. Ananvik cym 6e3 Kopln 6a2anay ywin aHmpaibobl QOIIUKYIaNap canvlh ecenmey iHcone 2opmonanovl (PhIT,
JII, AMT) mopmebeni manoay ywin YJ[3 konoanviizan.

Homuacenepi: Heeizei monmaesvl anmpanvovl goniuxyianapowviy opmauwia cauvl (ME=6) 6axvliay modviMen canblcmulpeanod
(ME=9) momer 601001, Oyn cmamucmuraivik Mayvizovt 601061 (p<0,001). DBIT scone AMI Oeneetinepi convimer Kamap OHKOIO2UANBIK
aypyaapovly ananvlk 6e3 Kopulna mepic ocepin pacmaumvii Mmonmap apacblHod aumapivlKmail atblpmMaiblislKmapbli Kopcemmi.
Anatioa JII" 0eyeetii exi monma oa mypaxmul 6oavin Kaaowvl (p=0.661).

Kopvimuinowi: 3epmmey OHKONOUANBIK aypy1apObly aHAIbIK 0e3 KOpblHA aumapivlkmail ocep ememinin, ouendepoin
PenpooyKkmuemi MyMKIHOIKmMepiH meomeHOememinin Kopcemmi. byn monimemmep KyHapavlIblKmol, OHblH WIHOE 00YUM
KPUOKOHCEPBUHeMI JicoHe eMOey 0az0apaamanapvlh Koaoay YwliH cmpamezusnapovl Oipikmipy Kasjcemminiein kepcemeoi.
Onkonoemap men penpoOyKkmonoemapOobly Kyui-jcieepin 6ipikmipemin nonapansvix mocii HaAyKacmap yuwin ey dHcaKcvl KIUHUKAIbIK
JIcoHe JiceKe Homudicesepae Ko JcemKizy Yulin mayvi30el. Opi Kapail 3epmmeyiep OHKOJIO2UANBIK AypYAap AACbIHOA AHATbIK Cym Oe3
KOpbiHa ocep ememin MexanHuzmoepoi mycinyoi mepeyoemyee Komexmeceoi.

Tyiiinoi co30ep: cym 6esi Kamepii iciei, ananslx cym 6e3 Kopbl, 20pMOHALObL JHCa20all, KYHAPIbLILIKMbL CAKMAY, PenpoOyKmMuemi
OeHCaynviK.

AHHOTADUSA

MN3YYEHUE BJUAHUA OHKOJIOI'MYECKOI'O ITPOHECCA
HA OBAPHUAJIBHBIN PE3EPB

A.JK. Kaxxapoe', H.X. Xoocaesa'?

ITalWKeHTCKuIA rOCYAAPCTBEHHDIA CTOMATONOTMUECKII MHCTUTYT, TallKeHT, Y36eKncTan;
2YactHas knunika “Megunodapm IKO”, TawkeHT, Y36ekucTan

Axmyansnocms: [Ipobrema penpodykmugHo2o 300p08bsl JHCEHWUH, CMPAOAIOUWUX OHKOIOSUYECKUMU 3a001e6aHUsAMU, NpUodpe-
maem 6¢é GONBULYIO BHAUUMOCMb 8 KOHMEKCMe CO8PEMEHH020 30pagooxpanenus. Pax monounoii scenesvl 6cé uauje ouaznocmupyom y
MOLOObLX JACCHUUH PENPOOYKMUBHO20 803PACMA, YMO GbI3bI8ACH NOMPEOHOCMb 6 U3VUEeHUU GNUSHUS OHKOLO2UYECKUX 30001e8aHUll HA
08aPUATLHLIL pe3eps, KPUMUYECKU 8ANCHBIU 0151 CHOCOOHOCIU K 3A4amuio.
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Ilensy uccnedosanusn — oyenums 6ausHUe pAKa MOIOYHOI JCeNe3bl HA 08APUATLHBIIL pe3eps dHCeHuUH PenpoOyKMUEHO20 803pacmd,
a maxaice paspabomams cmpame2uu no COXPAHEHUIO PePmuIbHOCHU.

Memoowi: B uccreoosanuu yuacmeosanu 80 nayuenmox ¢ oHKono2U4eCKuUM 3a601esanuem u 61 YCi106HO 300p08as HCeHWUHA 8
Konmponviou epynne. [l oyenku osapuanvhoco pezepéa npumensaiucy Y3HU ons noocuema xonuvecmea anmpanbhblx QOIIUKYI08 U
ananus eopmonanvroeo cmamyca (OCI, JII, AMI).

Pesynomamui: Cpednee Koauuecmso anmpaibHulX QOIIUKYI06 6 OCHOBHOU epynne 0Ka3aniock nudce (Me=6) no cpasnenuio ¢ kon-
mpoavrou (Me=9), umo 6vi10 cmamucmuuecku 3uauumo (p<0,001). Yposnu @CI" u AMI” maxoice npodemoncmpuposanu sHayumenp-
Hble PA3IUYUS MeICOY SDYNNAMU, NOOMEEPICOUs. HE2AMUSHOE BUAHUE OHKOL02UYECKUX 3a001e6aHUIl HA 08aAPUATbHYII pe3eps. YposeHs
JII', oonako, ocmasancs cmabunvhvim 8 0beux epynnax (p=0,661).

3akniouenue: Hcciedosanue noxkasano, 4mo oHKoi02u4ecKue 3a0071e6anus OKa3ul8aion 3HAYUMeNbHoe 6lUAHUe HA 08APUATbHbLL
pe3seps, CHudICAs penpoOYKMUEHbIE 803MOICHOCHIU JHCEHIWUN. DMu 0aHHble NOOYepKUBAION He0DX00UMOCMb UHMeZPayuu cmpameutl
COXpaneHus hepmuibHOCMU, 8KIIOUAS KPUOKOHCEPBAYUIO OOYUMOB, 6 NPOSPAMMbL JedeHus. Medxcoucyuniunaphvii nooxoo, 06veou-
HAIOWULL YCUNUA OHKONI0208 U PEeNPOOYKMOL0208, BANCEH 015l OOCIUNCEHUS TYUUUX KIUHUYECKUX U TUYHOCIHBIX Pe3yabmamos s
nayuenmok. Jlanvheiiuue uccie008anus noMoym yeayoums nOHUMAHUE MeXAHU3MOG, IUAIOUUX HA 08APUATIbHBL pe3epe HA (QoHe
oHKON02UYECKUX 3a001e8aHUI.

Kniouesvie cnosa: pax mMonouHoll dcenesvl, 06APUATLHBLIL pe3eps, 2OPMOHANbHBLI CINAmMyc, COXpaneHue GepmuibHocmu, penpooyk-
mugHoe 300posve.
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THE RELATIONSHIP OF HUMAN EPIDERMAL GROWTH
FACTOR-2 RECEPTOR EXPRESSION
IN GASTRIC CANCER WITH AGE, GENDER, STAGE
AND DEGREE OF TUMOR DIFFERENTIATION
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AHHOTAIMA

Relevance: Gastric cancer is a heterogeneous malignant disease. In carcinomas, HER2 functions as an oncogene, primarily due to
high gene amplification, which leads to protein overexpression in the cell membrane, enhancing malignant cell properties. Identifying
new and effective biomarkers is essential for improving gastric cancer diagnosis, refining prognostic accuracy, predicting disease pro-
gression, and developing more effective patient treatment strategies.

The study aimed to assess the correlation between HER2 expression in gastric cancer and key clinical factors, including age, gen-
der, disease stage, and tumor differentiation degree.

Methods: This comparative descriptive study analyzed surgical specimens from 109 patients with gastric cancer (stages 0- 11IC)
collected from the pathology department of Marat Ospanov West Kazakhstan Medical University (WKMU) Medical Center following
gastric cancer surgeries performed between 2021 and 2022. Histological and immunohistochemical studies were conducted in the mor-

phological laboratory of the WKMU Department of Histology. The collected data underwent statistical processing.
Results: In the present study, the rates of positive Her2/neu expression in GC statistically significantly differed depending on the age
(p=0.026) and gender (p=0.023) of the patient but did not statistically significantly differ depending on the localization, histopatholog-

ical differentiation of the tumor, and the stage of the disease.

Conclusions: Considering the tendency towards the significance of positive expression of Her2/neu in low-differentiated gastric
cancer (50%) and stages II-11I of the disease, the Her2/neu marker can be considered as a potential therapeutic target that requires

preliminary testing when prescribing targeted therapy.

Keywords: gastric cancer, morphology, histology, immunohistochemistry, Her2/neu.

Introduction: Gastric cancer (GC) is a heterogene-
ous malignant disease. In various forms of GC, such as
carcinoma, several HER2 biomarkers act as an oncogen-
ic factor based on high gene amplification with transi-
tion to a malignant cell. In 2022, Zh.E. Komekbay et al.
noted that “overexpression of the protein occurs on the
cell membrane surface when using the Her2/neu mark-
er. Previously, we reviewed the literature on using and
identifying new and effective biomarkers to improve
the diagnosis of gastric cancer, more accurately deter-
mine the prognosis, predict pathogenesis, and estab-
lish a new and effective treatment option for patients
with GC” [1].

Researcher N.D. Bakirov [2] noted that solving the
problem “will improve the results of complex treatment
of gastric cancer in both early and widespread, dissemi-
nated forms.” Earlier in their work in 2015, L.A. Naumova
and O.N. Osipova explained: “Understanding the biolo-
gy of cancer is being formed today by integrating gene
expression data with the network of molecular interac-
tions” [3].

According to N.D. Bakirov, GC includes a complex of
genetic disorders that determine the property of un-

controlled growth and the ability to metastasize [2],
while L.A. Naumova and O.N. Osipova point to a heter-
ogeneous disease with various molecular and histolog-
ical subtypes [3]. Biomarker tests are also reliable meth-
ods for detecting precancerous lesions of the stomach.
Endoscopic screening is still the gold standard for di-
agnosing GC [4]. The role of HER2 in developing many
types of cancer in humans was noted by K. Mandley-
wala et al.: “Antibody-based imaging strategies specif-
ic for certain GCs overexpressing the antigen allow vis-
ualization of primary tumors and metastases with high
contrast. In this context, PET antibodies and SPECT an-
tibodies have the potential advantage of noninvasive-
ly detecting changes in antigen expression (e.g., HER2)
and target interactions in both the primary tumor and
metastases. The novel integration of fluorescence-labe-
led antibodies and confocal laser endoscopy for rapid
visualization of dynamic molecular signatures also rep-
resents a promising avenue toward personalized thera-
py” [5].

An analysis of the available literature showed that
overexpression of Her2/neu is associated with a poor
prognosis in male patients with proximal GC localiza-
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tion, intestinal type of tumor in the late stages of the dis-
ease, with metastasis to the lymph nodes, as well as with
well-differentiated GC with distant metastases [2, 6].

Furthermore, Her2/neu expression results were
quantitatively higher in Asian studies compared to Eu-
ropean ones. Y. Y. Lei et al. (2017) showed that the level
of HER2 expression in Asians may be higher than in Eu-
ropeans and proposed a convenient way to select pa-
tients for appropriate HER2 detection and subsequent
treatment [6].

Later, in 2019, M Smolinska et al. found that HER2
and SATB1 are overexpressed in gastric cancer tumor
tissues compared to normal gastric mucosa. The expres-
sion of the former protein was observed to differ de-
pending on some clinicopathological features but with-
out statistical significance, while the expression of the
latter protein was not significantly associated with any
of them [7].

As noted by several researchers, the overall reliabil-
ity of immunohistochemical (IHC) assessment of HER2
may be affected by various preanalytical, analytical, and
postanalytical variations, as discussed earlier. Thus, GC
requires a standardized, unified system for assessing
the IHC expression of HER2 and an expert interpretation
of these data [8].

Other authors note that “the compatibility rate of
IHC and fluorescence in situ hybridization ( FISH ) re-
sults was more than 90%. However, according to the lit-
erature, the false-negative rate in mucosal biopsy was
low. IHC should be applied to the entire tumor area to
exclude false-negative results due to tumor heteroge-
neity. HER-2/neu gene amplification correlated with the
histological type of the tumor. Six of 21 cases in which
FISH analysis was performed were of the diffuse type,
and all of them were FISH-negative. Nine (60%) of 15
cases with the intestinal type were FISH+ (p=0.019)" [9].

HB Wang et al. showed that according to the ToGA
study, HER2 positivity was either IHC3 (+) or IHC2 (+)
with DISH (+). There was no relationship between HER2
positivity and the depth of tumor invasion and venous
and lymphatic invasion (p>0.05). However, in men with
intestinal-type cancer and moderately/well-differenti-
ated GC, the frequency of HER2-positivity was higher
than in women with diffuse/mixed type and poorly dif-
ferentiated cancer [10].

The DI Park et al. study showed that the frequen-
cy of HER-2/neu amplification in intestinal-type can-
cer was higher than in diffuse-type cancer (P < 0.05).
Tumors with HER-2/neu amplification were associated
with low median survival (922 versus 3243 days) and
5-year survival (21.4% versus 63.0%; P < 0.05). Accord-
ing to the authors, using multivariate analysis, it was
found that age, TNM stage, and HER-2/neu amplifica-
tion were independently associated with survival. HER-
2/neu amplification may be an independent prognos-

tic factor in patients with GC, and patients with HER-2/
neu amplification may be potential candidates for new
adjuvant therapy, including humanized monoclonal
antibodies [11].

Y. Li et al. proposed a prognostic model for HER2
status in resectable GC using contrast-enhanced mul-
tiphase CT images and serum tumor markers. “We found
that arterial phase enhancement ratio, intratumoral ne-
crosis, tumor margin, and CA125 level were independ-
ent risk factors for positive HER2 expression in GC” [12].

As early as 2022, D Bao et al. stated that “the predic-
tion model built based on preoperative tumor invasion
and serum markers CA125 and CA72-4 demonstrates
high specificity and accuracy concerning the incidence
of peritoneal dissemination. We expect that the results
of our study can provide clinical value for preoperative
assessment of patients with GC and selection of individ-
ual treatment for patients” [13].

Iranian scientists A. Feizy et al. noted a significant
relationship in positive HER2/neu gene expression be-
tween men and women (46.2% in men versus none in
women) (p<0.05) [14]. This study showed no statistical
differences between the two groups of patients with
and without HER2 overexpression in variables such as
survival, histopathological type of cancer (according to
Lauren classification), and primary anatomical site of
the tumor. It was also noted that the results revealed a
very close (p=0.051) association between HER2 expres-
sion and tumor grade. This association may be statis-
tically insignificant but appears to be clinically impor-
tant. Moreover, the results of the current study differed
from those of other studies, especially in non-Iranian
patients. The authors strongly recommend that future
studies focus on the race of patients with a more accu-
rate assessment of HER2 expression status and its poly-
morphisms. The authors argue that due to the genetic
diversity of patients, it is better to conduct a meta-anal-
ysis within the same race or at least with geographic re-
strictions [14].

Earlier, in our work (Zh.E. Komekbay, G.A. Temirova),
GC revealed a close relationship between the expres-
sion of Ki-67 and the degree of histopathological dif-
ferentiation of the tumor (P=0.039). However, it was not
possible to establish a statistically significant difference
with age (p=0.664), patient gender (P=0.928), tumor lo-
calization (p=0.860), and disease stage (p=0.894). Thus,
the appropriateness of targeted therapy in GC is based
on the results of histological and IHC studies of the con-
tents of the tumor material [15].

Tumor marker levels vary with different diseases; the
result may be false negative or false positive.

The study aimed to assess the correlation between
HER2 expression in gastric cancer and key clinical fac-
tors, including age, gender, disease stage, and tumor
differentiation degree.
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Materials and methods: The study was conducted on
a cohort of patients with gastric cancer previously select-
ed to analyze the expression of the Ki-67 marker [15].

Study design: This comparative descriptive study was
conducted following the biostatistics and clinical epi-
demiology sector protocol of West Kazakhstan Marat
Ospanov Medical University (WKMU). The WKMU Local
Bioethics Commission has approved the choice of mate-
rial and research methods (Protocol No. 8, dated Octo-
ber 15, 2021).

General population: Continuous sample. Surgical
material was collected from 109 patients with various
forms of stage 0-1lIC gastric cancer after surgeries for
this disease from the WKMU Pathology Department in
2021-2022. Inclusion criteria: Patients of all ages operat-
ed on for stage 0-1lIC gastric cancer. Exclusion criteria:
stage IV gastric cancer, as well as the presence of any
other malignant neoplasms [15].

Research methods: Histological and IHC studies were
performed in the morphological laboratory of the
WKMU Department of Histology. The study followed the
SOP “I ZKMU 65-03" of 01/10/2020. When determining
the area of the anatomical location of the tumor (cardiac
section, body, fundus, antral or pyloric section), we were
guided by the WHO recommendations and the clinical
protocol for RZh No. 174 dated 11/21/2022 of the Joint
Commission on the Quality of Medical Services of the
Ministry of Health of the Republic of Kazakhstan [15].

The work presents a comparative analysis of gastric
cancer cases according to the histopathological classi-
fication of gastric tumors: G1 (highly differentiated), G2
(moderately differentiated), G3 (poorly differentiated),
and G4 (undifferentiated) [15].

The surgical material was fixed in 10% buffered for-
malin. A sled microtome was used to prepare histo-
logical sections. After the paraffinization stage, histo-
logical sections of the stomach with a thickness of 4-5
pm were prepared from paraffin blocks [16]. The mi-
cro preparations were stained with hematoxylin and
eosin to confirm that the cuttings were gastric tissue.
The material was evaluated using an AxioLab A1 labo-
ratory medical video microscope (Carl Zeiss Microsco-
py GmbH, Germany) at different magnifications (x50,
%100, x400, x1000) [15].

To study the proliferative activity, monoclonal rab-
bit antibodies RMab (clone: RBT-Her2) to Her2 and the

Mouse/ Rabbit PolyDetector Plus DAB HRP Brown De-
tection System (Immuno DNA Washer 20x, Tinto Dep-
araffinator EDTA 20x (Bio SB, Santa Barbara, CA, USA)
were used. All reagents were stored at 4°C before use.
IHC analysis was performed using the detection sys-
tem according to the manual IHC staining protocol.
Stained sections were assessed at a high magnifica-
tion of 400x, and 100 cells were counted in each field.
In this case, 5 fields for each section were randomly
selected and examined, and the number and intensi-
ty of positively stained cells were recorded and aver-
aged [15].

The level of Her2neu expression positivity was de-
fined according to the National Comprehensive Can-
cer Network (NCCN) guidelines [17]. HER2 expression
was graded as 3+ with intense continuous membranous
staining in more than 10% of tumor cells, 2+ correspond-
ed to moderate continuous membranous staining in
more than 10% of cells or intense continuous membra-
nous staining in less than 10% of cells [15]. Grade 1+ was
assigned to weak discontinuous membranous staining
in more than 10% of cells. Grade 0 corresponded to ob-
servations where weak membranous staining was less
than 10% of cells or absent. Grades 2+ and 3+ were clas-
sified as HER2 overexpression. Microscopic slides with a
known, verified result of HER2 overexpression served as
external controls [18, 19].

Statistical processing of the obtained results was
performed using the Statistica 10 computer software
system (StatSoft Inc., USA) and SPSS 25 with a 95%
confidence interval (Cl). The studied nonparametric
groups were analyzed using the Mann-Whitney, Stu-
dent’s t-test, and Pearson’s chi-square tests. StatTech
v.3.0.9 (StatTech LLC, Russia) was used for statistical
analysis. Quantitative indicators with normal distri-
bution are described using arithmetic means (M) and
standard deviations (SD), 95% Cl. Quantitative data
were calculated without normal distribution using the
median (Me), lower, and upper quartiles (Q1-Q3). A
comparison of percentages in the analysis of multifield
contingency tables was performed using the Pearson
chi-square test [15].

Results: A total of 109 cases of GC were included
in the study, including 77 men (70.6%) and 32 women
(29.4%). The age of patients at diagnosis ranged from 27
to 81 years (median: 63 years) (Table 1).

Table 1 - Age of patients (descriptive statistics of quantitative variables)

Indicator Meﬁfn' %u?_rgi, Samplr;e size, Minimtrjnniwnrange, Maximum range, max
Age 63 59-70 109 27 81

Tumors were predominantly found in the body of the
stomach (47.7%) and less often in the cardiac (38.5%) and
antral (13.8%) sections. According to the histopatholog-
ical classification of gastric cancer, the following types

of tumors were identified: highly differentiated - 4
(3.7%), moderately differentiated - 27 (24.8%), poor-
ly differentiated — 46 (42.2%), and undifferentiated -
32 (29.4%).
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In this study, cases of gastric cancer were distrib-
uted according to the TNM classification as follows:
stage | - 6 (5.5%), stage Il - 45 (41.3%), and stage lll - 58
(53.2%) [15].

The level of Her2/neu expression showed “no mem-
brane reactivity” in 57 (52.3%) cases, “+" weak or bare-
ly noticeable membrane reactivity — in 19 (17.4%), “++"

“moderate or lateral membrane” reaction - in 21 (19.3%)
and “+++,” which means “complete basolateral” expres-
sion —only in 12 (11.0%) cases (Table 2).

As shown in Table 3 and Figure 1, statistically signif-
icant differences in Her2 expression levels were found
depending on age (p=0.026) (method used: Mann-Whit-
ney U test) [15].

Table 2 - Clinicopathological data and HER2 marker expression (descriptive statistics of categorical variables)

Indicator Category Abs. Percent (%) Confidence interval (95% CI)

Gender (F, M) wives 32 29.4 21.0-38.8
husband 77 70.6 61.2-79.0
Tumor localization cardiac section 42 38.5 29.4-48.3
body of the stomach 52 47.7 38.1-57.5
antral and pyloric sections 15 13.8 7.9-21.7

Histopathological differentiation (high G1, G1 4 3.7 1.0-9.1
G3 46 42.2 32.8-52.0
G4 32 29.4 21.0-38.8

pTNM stage (I, Il, 1) | 6 55 2.0-11.6
Il 45 41.3 31.9-51.1
1 58 53.2 43.4-62.8
Her2 expression negative (-; +) 76 69.7 59.2-77.3
positive (++; +++) 33 30.3 22.7-40.8

67
66
65

© 64
63
62
61

60

62

Her2 expression
m Negative mPositive

66

Figure 1 —The ratio of the parameters “Age”
and “Her2 expression (negative, positive)”
in gastric cancer

Table 3 - Her2 expression (negative, positive) depending on the patient’s age

. ' Age -
Indicator Categories - - - Significance level, p
Median, Me Quartile, Q ,-Q , Sample size, n
. negative 62 54-69 75
Her2 expression — 0.026*
positive 66 62-72 34

Note: * - differences in indicators are statistically significant (p<0.05)

As shown in Table 4 and Figure 2, statistically signifi-
cant differences in Her2 expression levels were found de-
pending on gender (p=0.023) (method used: Pearson Chi-
square) [15].

Comparison of tumor localization and Her2 expression
levels (negative, positive) using the Pearson Chi-square
method did not show statistically significant differences
(p=0.148) (Table 5, Figure 3) [15].

Comparison of histopathological differentiation
indices and Her2 expression (negative, positive) us-
ing the Pearson Chi-square method did not show sta-
tistically significant differences (p=0.441) (Table 6,
Figure 4).

Comparison of tumor staging and Her2 expression
(negative, positive) did not show significant differences
(p=0.683) (Table 7, Figure 5).
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Table 4 - Her2 expression level (negative, positive) in gastric cancer depending on the patient’s gender

Indicator Categories : Her2 expression s Significance level, p
negative positive
Floor wives 17 (22.7) 15 (44.1) 0.023*
(F, M) husband 58 (77.3) 19 (55.9) '

Note: * - differences in indicators are statistically significant (p<0.05)

100,0

Percentage share, %
[4)] ~
S o
o o

N
o
[}

Negative Positive
Her2 expression

Gender (F-0, M-1)

. Female . Male

Figure 2 — Ratio of Her2 expression rates (negative,
positive) depending on the patient’s gender in gastric
cancer

Table 5 - Her2 expression level (negative, positive) in gastric cancer depending on tumor location

Her2 expression
Indicator Categories : = Significance level, p
negative positive
T cardiac section 33 (44.0) 9 (26.5)
umor
localization body of the stomach 34 (45.3) 18 (52.9) 0.148
pyloric and antral sections 8(10.7) 7 (20.6)
Tumor localization In the stomach
100%
90%
80%
70%
> 60%
o
c 50%
<
D 40%
30%
20%
10%
0% ; ™
Negative Positive
Her2 expression
m Cardiac section
m Body of the stomach
m Pyloric and antral sections

Figure 3 — The ratio of the indicators “Tumor
localization” and “Her2 expression (negative,
positive)” in gastric cancer

Table 6 — Her2 expression level (negative, positive) in gastric cancer depending on the histopathological differentiation
of the tumor

Indicator Categories - Her2 expression — Significance level, p
negative positive
G1 2(2.7) 2 (5.9)
Histopathological differentiation of the 2 19 (25. 23
tumor (high — G1, medium — G2, low — G3, e 9(253) 8(235) 0.441
undifferentiated — G4) G3 29 (38.7) 17 (50.0)
G4 25 (33.3) 7 (20.6)
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Figure 4 — Histopathological differentiation of gastric
cancer depending on the indicator “Her2 expression
(negative, positive)”

Table 7 - Expression level of the Her2 marker in gastric cancer

Indicator Categories - LS EIeXRISS IOl = Significance level, p
negative positive
| 4 (5.3) 2(5.9)
pTNM stages Il 29 (38.7) 16 (47.1) 0.683
1l 42 (56.0) 16 (47.1)
pTNM stages
100%
90%
80%
< 70%
s 60%
5 50%
&5 40%
30%
20%
10%
0%
Negative Positive
Her2 expression
ml wmll =l

Figure 5 — The proportion of cases of gastric
cancer by stage of the disease depending
on the indicator “Her2 expression (negative,
positive)”

Discussion: Z. Wei et al. noted that “in non-metastat-
ic gastric adenocarcinoma, Her2 expression and the com-
bined expression of Her2 and Ki-67 were associated with
several clinicopathological factors including tumor dif-
ferentiation and stage, and only +++ Her2 expression
was associated with worse prognosis in multivariate anal-
ysis with marginal significance in their study, whereas Ki-
67 alone had limited clinicopathological and prognostic
value” [20]. HER2 overexpression results in the receptors
transmitting excessive signals for cell proliferation to the
nucleus. It has been suggested that HER2-positive cells
directly contribute to tumors’ pathogenesis and clinical
aggressiveness. In 2020, researchers from the University
of South China ( Ye D.M., Xu G., Ma W., Li Y., Luo W., Xiao

Y., Liu Y., and Zhang Z.) noted that “identification of new
and effective biomarkers is necessary to improve the di-
agnosis of gastric cancer in order to increase the accuracy
of gastric cancer diagnosis, determine prognosis and pre-
dict pathogenesis...” [21].

HER2 overexpression in gastric cancer is associated
with poor prognosis. Thus, according to M. Razmi et al., the
detection of tumor cell markers is mainly associated with
worse treatment outcomes in patients with gastric can-
cer, both overall and individually. Detection of a combined
marker panel may be useful as a prognostic marker for de-
termining tumor aggressiveness and poor prognosis in pa-
tients with gastric cancer, which will likely identify new po-
tential targets for therapeutic approaches [22].
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HER2 expression in gastric cancer has been known
for many years. In addition to its involvement in can-
cer pathogenesis, HER2 has also been evaluated in tar-
geted therapy. HER-2 is currently considered a poten-
tial therapeutic target requiring preliminary testing
for HER2 status. In 2018, Malaysian researchers P. Raja-
durai et al. indicated that HER2 overexpression was sig-
nificantly more common (p<0.001) in diffuse-type tu-
mors (39.8%) than in intestinal-type tumors (14.9%)
[23]. Egyptian researchers R.A. Abdel-Salam et al. not-
ed a high frequency of HER2/neu-positivity in resecta-
ble gastric carcinomas (about 54%). The only statistical-
ly significant association was found between positive
Her2/neu expression and the intestinal Lauren type [24].
In our study, the overall HER2 positivity rate was 30.3%.
At the same time, in the work of A. Shabbir et al . HER2
was significantly expressed in poorly differentiated GC,
mainly observed in women aged >60 years and stage
IIIC tumors [25], whereas according to Y. Lei et al. HER2
overexpression correlated with various clinicopatholog-
ical parameters in patients with GC: male gender, prox-
imally located tumor, and poorly differentiated tumor
[6]. In our study, there was a statistically significant as-
sociation between HER2 positive expression and the
age of patients, who were predominantly observed at
the age <66 (p=0.026), and statistically significant dif-
ferences (p=0.023) were also established when assess-
ing the “sex of patients” parameter. However, we did not
find any significant correlation between HER2 overex-
pression and tumor localization, histopathological dif-
ferentiation of the tumor, and the stage of the disease
according to TNM. There is a tendency towards the sig-
nificance of HER2, positive expression in poorly differ-
entiated GC (50%) and stage II-lll of the disease. Many
authors did not report any significant association be-
tween tumor localization and HER2 positivity, and con-
flicting results were reported regarding tumor localiza-
tion and HER2 expression. In our study, tumors located
in the body of the stomach account for 52.9% of cases,
which may be the reason for a higher rate of HER2 posi-
tivity (p=0.148), although this indicator is statistically in-
significant.

Conclusion: In this study, the dependence of HER2
marker expression on age, gender, disease stage, and dif-
ferentiation degree was determined in 109 patients op-
erated on for stage 0-llIC gastric cancer. Thus, positive
HER2/neu expression in gastric cancer depends on the
age (p=0.026) and gender (p=0.023) of the patient but
does not depend on the localization and histopatholog-
ical differentiation of the tumor and the stage of the dis-
ease. Considering the positive expression of HER2/neu in
poorly differentiated gastric cancer (50%) and stages IlI-lI
of the disease, this marker can be considered as a potential
therapeutic target that requires preliminary testing when
prescribing targeted therapy.
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AHJIATIIA

ACKA3AHHBIH KATEPJII ICITTHAE AJAMHBIH IINJIEPMAJIBIK OCY ®AKTOP-2
PEHEIITOP OKCIIPECCHUSACBIHBIH AYPY JIbIH ’KACBIMEH, ’)KbIHBICBLIMEH,
ICIKTIH AUPPEPEHIHHUALNUAJIBIK CATBICHI ) KOHE 19PEXECIMEH BAUJIAHBICBHI

JK.E. Komexoaii', A.P. Kanues', I A. Kazoexosa?, I.A. Temuposa', JI.C. /[xcynycosa’

1«M.0cnaHoB aTbiHaarbl batbic KasakcTa meguunHa yHusepcuteri» KeAK, AkTebe, KazakcraH Pecny6nukaco;
Z«AkTebe 06/bICbIHbIH eHcaynblk cakTay 6ackapmacbi» MM LXK «06nbicTblk natonoroaHatomuanblk 6topocsi» MKK, AkTe6e, Kazakctan Pecnybnnkace

Oszexminizi: Ackasannviy Kamepii iciei (AKI) — eemepozendi kamepni aypy. Kapyunomanrapoa HER2 onkoeen peminde opexem
emedi, cebebi cenniy dco2apvl Kyweuminyi jcacyua Memopanacvinoaasl aKybi30bly WaAMAOan molc IKCAPECCUACbIH HCOHe KeliHHeH
KamepJii acacyuia yuin naioansl Kacuemmepoi anyovl myosipaoul. JKana scone muimoi buomapkepnepoi aHblkmay dcKasau 00blpbIHbIH
OUACHOCMUKACHIH AHCAKCAPMY, ACKA3AH 00bIpbl OUASHOCMUKACHIHbIY 0dI0I2IH AHCAKCapmy, 60IACAMObL AHBIKMAY HCOHE NaAmo2ene30i
bondicay, ackasan 00vIpbl Oap HayKacmapobl emoeyoiy JHcana JHeoHe muiMol HYCKACLIH Kypy YUliH Kasicen.

3epmmeyoin makcamwl: ackasan ooOvipviHOa2bl HER2 mapkepiniy 3KCnpeccuscvlH aypyowly d#achl,
oughepenyuayusceinbly camulcol JcoHe dopediceci apacvinoazvl baiianvicmel 6az2anay.

Aoicmepi men mamepuanoapuvi: 3epmmey OU3AUHBL CATLICMBIPMAIbLL CUNAMMAMATLIK 3epmmey 60abin madwvliaovl. 3epmmeyee
2021-2022 scvindap apanvievinoa Mapam Ocnanos amvinoasvl bamvic Kazaxcman meouyuna yHugepcumeminiy MeOUyUHAIbIK,
OpMANbIZbIHGIY NAMOL020AHAMOMUSILIK, OONIMULECIHEH ACKA3aH OObIPLIHA ONepayusl JHcacay KesiHoe alblHeaH AcKa3an OObipbIHbIY
0-11IC camvicor 6ap 109 nayxacmoly Xupypeusivlk Mamepuanbl KOJLOAHLIObL. 1 UCmONocUusIblK JHCoHe UMMYHOSUCTOXUMUSLIbIK
sepmmeynep Mapam Ocnanos amuvinoazvl BKMY cucmonoeus kagheopacwinvly MOphOI02UATBIK 3ePMXAHACLIHOA HCYPi3indi. AnvinaaH
MonimMemmep cmamucmuKaiblk 0H0eyOeH ommi.

Homuowcenepi: Ocvl 3epmmeyoe GC-0e oy Her2/neu sxcnpeccusicoinbly kopcemkiwmepi Haykacmoiy dcacvina (p=0,026)
orcone ocviHvicvina (p=0,023) Oaiinanvicmvl cmamucmukanivlk mypoe aumapiavikmai epekuieneroi, Oipax noxkanusayusad,
icikmiy eucmono2usnnvlK Ougdgepenyuayusaceina dicone aypyovlyy CamvlColHd OAUIAHBICMbL CMAMUCMUKALLIK almapiblKmail
epexuenenbeoi.

Kopvimuvinowi: Tomen ougpgpepenyupnencen acxaszan obuvipvinoa (50%) oucone aypyowiy II-1II cameinapwinoa Her2/neu oy
IKCNPECCUsICHIHBIY MAHbI30bLIbIZbIHA MEeHOCHYUSIHbL ecKepe omblpbin, Her2/neu mapkepi maxcammuol mepanustsl ma2ablHoay Ke3inoe
anovin ana mecmineyoi Kasxcem ememin ojieyemmi mepanegmix MaKcam peminoe Kapacmulpuliybl MyYMKIH.

Tyiiinoi co30ep: ackazannvly Kamepii iciei, Mopgonocus, eucmonozus, ummynozucmoxumus, Her2/neu.

JICLIHBICHL,  ICIK
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CBA3b OKCITPECCHUHU PELEIITOPA YEJIOBEYECKOI'O SIIUJIEPMAJIBHOI'O ®PAKTOPA
POCTA-2 ITPH PAKE KEJIYJKA C BO3PACTOM U I1OJIOM ITAIHIMEHTA, CTAIUEHN
N CTEHHEHBIO JTU®GP®EPEHIIUPOBKH OITY XOJIN

JK.E. Komexoait', A.P. Kanues', I A. Kazoexosa®, I'A. Temuposa', JI.C. /Picynycosa’

THAO «3anajHo-Ka3axcTaHcKkuit MeanumHcKiin yuuepcuTet umenn M. OcnaHoax, AkTo6e, PecnyBinka Kasaxcras;
2[KN Ha NXB «06nacTHoe natonoroaHatomuyeckoe blopo» 'Y «ynpanetue 3apaBooxpaHeHus AKTioOMHCKoi 06nacTiny, AkTobe, Pecnybnuka Kasaxcran

Axmyansnocmu: Pax owcenyoka (PXK) npedcmasnsem cobou cemepocennoe 310KauecmeeHHoe 3abonesanue. [lpu pasznuumnvix
¢opmax PIK, nanpumep, xapyurome, 6UOMAPKEPbl Peyenmopos INU0epmMaibHo2o gakmopa pocma yenogeka Her2/neu gvinonnsiom
POb OHKO2EHHO20 (Pakmopa, 8 0CHO8e KOMOPO2O NeAHCUNM NPOYECC BbICOKOU AMNIUDUKAYUU 2eHA C NePexO00OM 8 30KAYECMBEHHYIO
xnemxy. Ceepxakcnpeccusi 6eaka npoucxooum Ha NOBEPXHOCMU KAeMOUYHOU MemOpansl. B ceasu ¢ amum neobxooumo paccmagumo
npuopumemsl no NPoSHO3Y, NAMO2eHe3y U Npeocmagums Hauboiee ONMUMATbHBIL N0 IDPeKMUSHOCmU 8apuaHm nedenus O
nayuenmos ¢ P)K.

Lenv uccnedosanusn — oyenums ypogens sxcnpeccuu Her2/neu npu paxe sicenyoka c yuémom noia u 603pacma nayueHma, cmaouu
3a6o01e8anus 1 cmeneHu oupghepenyuposKU onyxou.

Memoowr: Hamu 66110 nposedeno cpasnumenbhoe OnucameibHoe uccied08anue onepayiuoHHo2o mamepuand, noiyyernnozo om 109
nayuenmog c¢ pakom xcenyoka co cmaouamu 0-1IIC nocre onepayuii no nogody 0anno2o 3a001e6aHUs U3 NAMOI020AHAMOMULECKO20
omoenenus HAO ML] «3KMY umenu Mapama Ocnarnosay ¢ 2021-2022 ze. Paznuunvle 2ucmono2uyeckue u UMMYHOSUCTIOXUMUYECKUe
uccredosanus nposoounu Ha kageope cucmonozuu mopghorocuveckoui rabopamopuu 3KMY um. Mapama Ocnanosa. Ionyuennvie
pe3yrbmamul 00padoOmMarnvl pasiudHbIMU MEMmooamMu CMAamucmuyecKkol 00padbomxiu.

Pesynomamur: Hacmosiwyee ucciedoganue nokasano, 4mo nokazameiu nonodcumenviou sxcnpeccuu Her2/neu npu PX
CMamucmuyecK 3HavUMo pa3iuiaiomes 8 zasucumocmu om eospacma (p=0,026) u nona (p=0,023) nayuenma, o cmamucmuiecKu He
SHAYUMO PA3TUYAIOMC 8 3A8UCUMOCIIU O TOKATUZAYUU, 2UCTHONAMON02UNECKOU OUpdepenyuposKy onyxoau u cmaouu 3a601e6anus.

3aknouenue: Yuumoleas meHoeHyuI0 K 3HAYUMOCU NOA0XHCUMeNbHOU 9Kecnpeccuu Her2/neu npu nuzkooupgepenyuposannom PXK
(50%) u 1I-1II cmaousx 3a6oresanus, mapkep Her2/neu mooicno paccmampugams Kax nomeHyuaibHyo mepanesmuieckylo Mulets,
mpeoyIowyIo npedsapumenbHo20 mecmupo8anus NPU HA3HA4eHUU MAP2emHOl mepanuu.

Knioueswle cnosa: pax scenyoka (PXK), mopghonocus, cucmonoeus, ummynocucmoxumus,, Her2/neu.
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NEEDLE-CATHETER JEJUNOSTOMY
IN GASTRIC CANCER SURGERY

S.R. NURMANOV', M.A. ZHUMABAEVA', A.B. ABZHALELOV*, B.Zh. BEKBOTAEV*

'Asfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan;
Almaty Regional Multidisciplinary Clinic, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: The European Society for Parenteral and Enteral Nutrition recommends enteral feeding as a preferred route of ad-
ministration of nutrients. Still, nasogastric intubation after operations on the digestive system is accompanied by discomfort in the
stomach, an increase in the frequency of wound infection, insolvency of anastomotic sutures, pulmonary complications, and length of
hospitalization.

The study aimed to assess the possibilities of catheter jejunostomy for postoperative enteral feeding of patients with gastric can-cer.

Methods: This study is based on clinical evaluation and surgical treatment results of 71 patients who received enteral nutrition
following gastrectomy and gastric resection due to malignancy. Enteral nutrition was administered via a nasojejunal tube in 36 pa-
tients (control group) and through a percutaneous catheter enterostomy in 35 patients (experimental group). The principles of enter-al
nutrition were standardized across both groups.

Results: The studies have shown that using various enteral nutrition products in the control and main groups affected patients’
quality of life differently. During the entire follow-up period, the greatest discomfort in both groups was associated with transnasal
probes. At the same time, the quality of life in the control group was the lowest. In the main group, during the entire follow-up peri-od,
the effect of catheter enterostomies on patients’ quality of life was minimal, while 14 (40%) patients did not experience any dis-comfort.
This indicates that patients tolerate this method of providing enteral nutrition well. There were no requests to remove the enterostome
or cases of self-removal during the entire observation period. In addition, no complications from either the abdominal cavity or the

anterior abdominal wall were noted in the main group during the period of its functioning, as well as after its extrac-tion.

Conclusion: Catheter jejunostomy provides the possibility of reliable enteral nutrition for patients with gastric cancer after sur-
gical treatment for a long time. The advantages of this treatment method are high safety and good patient tolerance.

Keywords: catheter, jejunostomy, gastric cancer, surgical treatment, enteral nutrition.

Introduction: According to the recommendations of
the European Society, the choice between parenteral and
enteral nutrition comes down to the advantages of the en-
teral route of nutrient administration [1].

Enteral nutrition is the most physiological and appro-
priate. The entry of food compounds into the liver through
the portal vein system promotes more physiological regu-
lation of protein synthesis and metabolism in the liver and
other internal organs. Some biochemical processes in the
intestinal wall, such as transamination, do not occur with
parenteral nutrition. Parenteral nutrition leads to an in-
crease in the volume of circulating blood and, accordingly,
anincrease in the load on the heart, which is accompanied
by additional energy expenditure.

Enteral nutrition provides the following clinical effects:
1) activation of motility and regeneration of the mucous
membrane; 2) early activation of the absorption function
of the lower intestine; 3) nutrient substrates activate intes-
tinal hormones, which in turn support absorption at the
level of various cells; 4) prevents excessive contamination
of the A IZ with microbes; 5) is a preventive measure for
acute erosive and ulcerative diseases; 6) stops the catabol-
ic direction of metabolism; 7) helps improve immunity [2].

According to modern concepts, the intestine is not
only responsible for digestion and absorption. The mu-

cous membrane of the small and large intestines does
not require nutrients. It has been proven that intralumi-
nal administration of small amounts of food has a pro-
nounced trophic effect on enterocytes, allowing them
to maintain their functional activity. This activity en-
sures endocrine, immune, metabolic, and barrier func-
tions, which are prerequisites for the patient’s speedy re-
covery. Preclinical studies show that parenteral nutrition
can cause atrophic damage to the intestinal mucosa. The
study revealed a decrease in the thickness of the muscu-
lar layer of the mucosa and pronounced atrophy of the
small intestine’s villi after total parenteral nutrition com-
pared with enteral nutrition [3].

Prolonged use of nasogastric tubes can cause signif-
icant discomfort in patients and is associated with the
risk of perforation of the nose, throat, esophagus, stom-
ach, and intestines [4]. The negative psychoemotional
impact of transnasal intubation often leads to patients
unconsciously removing the tube on their own, includ-
ing during sleep. Rigid fixation of the tube to the wings
of the nose using suture material leads to significant cos-
metic defects of the face and is not recommended for
wide use. A serious complication of a nasointestinal tube
is the development of an acute ulcer of the stomach and
duodenum, accompanied by severe bleeding. A foreign
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body in the esophagus or oropharynx and the lack of a
hermetic closure of the esophageal sphincter create fa-
vorable conditions for pathogenic microorganisms to
migrate into the trachea and bronchi. Given the men-
tioned advantages of enteral nutrition, it is necessary to
determine whether the method we propose - catheter
jejunostomy — is the most physiologically effective. Ul-
cers and bleeding do not complicate catheter jejunos-
tomy; it prevents food from entering the bronchi, pre-
serves the intestine’s anatomical and physiological state,
and does not lead to villus atrophy. This is one of the
most accurate methods, especially for patients after sur-
gery for gastric cancer.

The study aimed to assess the possibilities of catheter
jejunostomy for postoperative enteral feeding of patients
with gastric cancer.

Materials and methods: The work is based on the re-
sults of the examination and surgical treatment of 71 pa-
tients who underwent enteral nutrition after gastrecto-
my and gastric resection for cancer. Of these, 49 (69%)

were men, and 21 (31%) were women aged 37 to 77. Stag-
eslandlla, b-10 (14%), lll - 61 (86%). In 6 (8.4%) patients,
the first bile duct was located in the cardioesophageal re-
gion, in 12 (16.9%) - in the cardiac region of the stomach,
in 30 (42.2%) - in the body of the stomach, in 23 (32.3%)
- in the antral region. Gastrectomy with lymph node dis-
section (LND) was performed in 39 patients (54.5%), prox-
imal gastrectomy with resection of the lower third of the
esophagus using thoraco-laparotomy approach in com-
bination with LND - in 7 patients (9.8%), proximal resec-
tion with LND - in 7 patients (9.8%), proximal resection
with LND - in 8 patients (11.2%), distal resection with LND
- in 17 patients (23.9%). In the control group (n=36), the
patients received nutrients via a nasojejunal tube, and in
the main group (n=35), a percutaneous catheter enteros-
tomy was installed. The principles of enteral nutrition
were the same in both groups.

Patients in the main and control groups were relative-
ly comparable in gender, age, the underlying disease, and
the type of surgical intervention (Table 1).

Table 1 - Distribution of patients by surgical methods performed

Operations Control group (n=36) Main group (n=35) Total (n=71)
Gastrectomy 19 (562.7%) 20 (57.1%) 39 (54.5%)
Proximal gastrectomy 4 (11.1%) 4 (11.4%) 8 (11.2%)
Proximal gastrectomy performed by combined approach 4 (11.1%) 3 (8.5%) 7 (9.8%)
Distal gastrectomy 9 (25%) 8 (22.8%) 17 (23.9%)
Total 36 (100%) 35 (100%) 71 (100%)

After the main stage of the surgery, a 1.7 mm diame-
ter catheter was inserted into the antimesenteric wall of
the small intestine at a distance of 25-30 cm from the Tre-
itz ligament. A jejunostomy was applied 30 cm from the in-
testinal anastomosis during gastric resection. For early en-
teral nutrition, a catheter jejunostomy was used 6 hours
after the operation. The enteral infusion was gradually in-
creased to 500 mL on Day 1 and 2 L on Day 10. Thus, oral
food intake was completely excluded for up to 10 days.
The catheter was removed on Day 14 after insertion, and
no additional surgical intervention was required for its re-
moval. After removing the fixing skin suture, the catheter
was removed from the intestinal lumen, and the channel
closed on its own on Day 1.

In the control group, a gastrointestinal tube was used
for enteral nutrition. The distal part of the tube was passed
through the duodenum as distally as possible to the initial
loop of the small intestine or the interintestinal anastomo-
sis through the gastrointestinal anastomosis.

Patients were treated and monitored in the intensive
care unit in the early postoperative period. After their con-
dition stabilized, they were transferred to surgical wards.

We used a visual analog scale to compare the impact
of a nasogastric tube and catheter enterostomy on pa-
tients’ quality of life. A score of 0 corresponded to no dis-
comfort and a score of 5 to obvious suffering and a con-
stant desire to remove the tube or enterostomy. Patients

were examined on Days 1, 3, 5, and 7 after surgery once
they had completed their resuscitation. When assessing
the quality of life, patients in the control group described
the degree of discomfort caused by a nasojejunal tube.
In contrast, patients in the main group described the dis-
comfort caused by a decompression tube and a catheter
enterostomy.

Results: The study showed different effects of vari-
ous enteral nutrition methods on patients’ quality of life in
the control and main groups (Figure 1). The difference be-
tween this study and a similar study conducted in 2018 is
the larger number of patients included. In this regard, the
obtained results have also changed significantly. The re-
sults showed that this method, i.e., catheter jejunostomy,
is still considered the most effective for patients after gas-
trectomy [5].

Discussion: The greatest discomfort in both groups
was associated with using transnasal tubes throughout
the observation period. The control group had the lowest
quality of life. Discomfort from the tube increased from
3.2 points on Day 1 after surgery to 4.3 points on Day
5. The nasojejunal tube significantly complicates nasal
breathing and affects the receptors of the oropharynx’s
nasal passages, nasopharynx, and mucous membrane. In
the main group, the maximum discomfort from the pres-
ence of the tube was recorded at 2.5 points on Day 3 af-
ter laparotomy.
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Figure 1 — Quality of life of patients after surgery

Figure 1 demonstrates an increasing negative psy-
choemotional impact of transnasal tubes with an increas-
ing observation period. In the control group, 20 (55.5%)
patients required tube removal on Day 3 after surgery
and 27 (75%) on Day 5. Also, 9 (25%) patients couLND
not tolerate the tube for 3-5 days after surgery, so they
removed it themselves. In all cases, the motive for such
behavior was discomfort, assessed on a 5-point numer-
ical scale. In the main group, requests for tube removal
were recorded in 3 of 14 patients (21.4%) on Day 3 after
surgery, which coincided with the time of its removal for
medical reasons.

In the main group, the impact of catheter enterosto-
my on patients’ quality of life was minimal throughout
the entire observation period: 14 (40%) patients did not
report any discomfort. The presented indicators demon-
strate the tolerability of providing enteral nutrition in pa-
tients. During the entire observation period, there were no
requests for enterostomy removal and no cases of sponta-
neous removal. In addition, in the main group, there were
no complications from the abdominal cavity and anterior
abdominal wall during the jejunostomy operation and af-
ter its removal. According to the data presented in the ar-
ticle “Symptomatic surgical interventions for widespread
gastric cancer,” postoperative complications in such inter-
ventions are observed in 5-40% of cases, and postopera-
tive mortality ranges from 4% to 32% [6]. These data em-
phasize the importance of choosing this nutrition method
in the postoperative period, where catheter jejunostomy
can significantly reduce the risk of complications and im-
prove patient quality of life.

When assessing the effect of long-term transnasal
tube placement on the risk of pneumonia, it was found
that this type of postoperative complication was ob-
served in 5 (13.8%) patients in the control group. The de-
velopment of postoperative pneumonia is associated
with impaired respiratory processes and mucus accumu-

lation around the tube. In the main group, nosocomial
pneumonia was detected only in 2 (5.7%) patients. The
difference in pneumonia frequency between patients in
the control and main groups was significant (p < 0.05).
The data obtained demonstrate the undeniable advan-
tages of catheter enterostomy compared to transnasal
tubes regarding the frequency of pulmonary complica-
tions.

Conclusion: Thus, catheter jejunostomy provides pa-
tients with gastric cancer with the possibility of reliable
enteral nutrition after surgical treatment for a long time.
The method allows the restoration of peristalsis 2-3 days
earlier. It improves the immediate results of surgical treat-
ment for gastric cancer by eliminating protein-energy de-
ficiency, normalizing intestinal structure and metabolism,
preventing bacterial translocation, and dystrophic and
atrophic changes in the intestinal mucosa. This treatment
method’s benefits include high safety and good patient
tolerability.

References:

1. Elke G., van Zanten A.R.H., Lemieux M., McCall M.,
Jeejeehoy K.N., Kott M., Jiang X., Day A.G., Heyland D.K. Enteral
versus parenteral nutrition in critically ill patients: an updated
systematic review and meta-analysis of randomized controlled
trials // Crit. Care. — 2016. — Vol. 20. - Art. no. 117. https://doi.
0rg/10.1186/513054-016-1298-1

2. Tarasova I.A., Cxovrebov A.T.,, Bitarov T.T., Boeva L.A.,
Gardashov N.M., lvanova M.V., Shestakov A.L. Rol’ e’nteral’'nogo
pitaniya v reabilitacii pacientov posle rekonstruktivnyx
vmeshatel’stv na pishhevode i zheludke // Xirurgiya. Zhurnal im.
N.I. Pirogova. — 2023. - N°2. - S. 35-42 [Tarasova I.A., Tskhovrebov
A.T, Bitarov T.T., Boeva I.A., Gardashov N.M., Ivanova M.V.,
Shestakov A.L. The role of enteral nutrition in the rehabilitation
of patients after reconstructive interventions on the esophagus
and stomach // Surgery. Journal named after N.I. Pirogov. -
2023. - Vol. 2. — P. 35-42 [ (in Russ.)]. https://doi.org/10.17116/
hirurgia202302135

3. Guzman M., Manithody C., Krebs J., Denton C., Besmer S.,
Rajalakshmi P., Jain S., Villalona G.A., Jain A.K. Impaired Gut-

50

Oncology and Radiology of Kazakhstan, Nel (75) 2025



&) KazIOR

KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

ORIGINAL INVESTIGATIONS

Systemic Signaling Drives Total Parenteral Nutrition-Associated
Injury // Nutrients. — 2020. - Vol. 12. — Art. No. 1493. https://doi.
0rg/10.3390/nu12051493

4. Ramos M.F.K.P., Pereira M.A., Dias A.R., Sakamoto E.,
Ribeiro U. Jr., Zilberstein B., Nahas S.C. Jejunostomy in the
palliative treatment of gastric cancer: A clinical prognostic score
//WorLND J. Clin. Oncol. - 2021. - Vol. 12(10). - P. 935-946. https://
doi.org/10.5306/wjco.v12.i10.935

5. Nurmanov S.R., Kargabaev E.ZH., Makhanbetkhan SH.SH.,
Askeev B.T. Needle-catheter jejunostomy in gastric cancer surgery

// OHKonozusa u paduosnozus Kazaxcmara. — 2018. — Ne4(50). - C.
23-26. https://www.elibrary.ru/item.asp?id=36952393

6. Sedakov I.E., Sovpel’ O.V., Zaika A.N., Kondakov M.D., Al’
Barguti R.A. Simptomaticheskie operativnye vmeshatel’stva pri
oslozhnennyx formax raka zheludka // Novoobrazovanie. - 2021.
—-T.13(1).-S.23-29[Sedakov I.E., Sovpel O.V., Zaika A.N., Kondakov
M.D., Al Barghouti R.A. Symptomatic surgical interventions
for complicated forms of gastric cancer // Novoobrazovanie. -
2021. - Vol. 13 (1). - P. 23-29 (in Russ.)]. https://doi.org/10.26435/
neoplasm.vi3i1.350

AHHOTADI UL

KATETEPHAS EIOHOCTOMMUSA ITPU XUPYPI'MYECKOM JIEYEHUUN
BOJIBHBIX PAKOM KEJIYJIKA
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Axmyansnocme: Egponetickoe obujecmeo napeHmepansHo20 U IHMEPAIbHO20 NUMAHUS PEKOMEHOYen dHMepaibHoe NUmaHue
6 Kauecmee npeonoymumenbHo20 nymu 66eoeHus: numamenbhulx eewecms. OOHAKO HA302ACMPAlbHAS UHMYOAYUsL NOCIe Onepayull
Ha NUWeEBAPUMENbHOU CUCeME CONPOBOANCOAemcst OUCKOMPOPMOM 8 JiceyoOKe, VEeIudeHueM Yacmombsl paHesoll uHpexyuu,
HecoCmosimenbHOCMbIO W08 AHACHOMO3A, N1e20UHIMU OCLOHCHEHUAMU U ONUMETLHOCBIO 20CAUMATUZAYUU.

Ilensv uccneoosanus — uzyuenue 803MOINCHOCMEN UCNONLIOBAHUS KAMEMEPHOU eIOHOCMOMUU 05l IHMEPANIbHO20 NUMANHUS Y
OONILHBIX € PAKOM JIcenyOKA 8 NOCIEONePAYUOHHOM nepuooe.

Memoowi: Paboma ocnosana na pesynomamax o6cie008aHus U Xupypeuieckozo nedenusi 71 O0IbHbIX, KOMOPLIM NPOBOOUIOCH
OHMEPAIbHOE NUMAHUE NOCLE 2ACMPIKMOMUL U Pe3eKYUL JHCEYOKA No N800y paka. Y 36 u3 Hux (KoHmponvhas epynna) 0ist 66e0eHusl
HYMPUEHMO8 UCNOLb306ANU HA30CIOHAIbHLII 30H0, y 35 (ocnosnas) — uepes Kkoochyio kamemephuyio sumepocmomy. Ilpunyunet
npogeodeHUs IHMEPATLHO20 NUMAHUSA ObLIU eOUHBIMU 8 00eUX epYNnax.

Pesynemamut. I[Ipogsedennvie uUCCied08anusi NOKA3ANU, YMO 6 KOHMPOIbHOU U OCHOBHOU 2PYNNAX UCNONb306AHUE DPA3IUUHBIX
Ccpeocme IHMePaIbHO20 NUMAHUSL NO-PA3HOMY GIUSLIO HA KAYeCMmBE0 JHCU3HU OOIbHbLX. 3a 6ecb nepuod Habuooenus 8 obeux pynnax
HaubobuuLl OUCKOMPOpmM bl CONPSdICEH ¢ MPAHCHA3ALLHLIMU 30HO0aMU. TIpu 5MoM 8 KOHMPOLLHOU 2pYnne Kaiecmeo HCUu3Hu Oblio
camvlm HU3KUM. B ocrosnotl epynne 3a 6eco nepuod Habnooenus eausiHue KamemepHouiX IHMepoCmoMm Ha KaueCmeo JCU3HU NAYUEeHINO08
66110 MuHUManbHbLIM, npu dmom 14 (40%) 6oabnblx He ommemuau Kako2o-1ubo ouckomgpopma. dmo ceudemenbcmsayem o xopouiell
nepenocumocmu 6ONbHLIMU OAHHO20 CROCoOA 0becneyens IHMePAIbHO20 NUMAanUsl. 3anpocos na yoaneHue SHMePoOCmombl d MAKice
cryyaes ee camocmosmenbHo2o YOaieHus 3a 6ecb nepuod Haduodenull saguxcuposano ne oviio. Kpome moeo, 6 ocnoenoii epynne 6
nepuoo PyHKYUOHUPOBAHUsL eIOHOCOMbL, d MAKIICe NOCTe ee U3B1edeHUs He OblI0 OMMEYeHO HU 0OHO20 OCIOACHEHUS CO CIOPOHbL KAK
OPIOWHOLL nOIOCMU, MAK U nepeoHell OPIOUHOL CIEHKU.

3aknrouenue: Kamemepuas eionocmomust obecnedugaen 603MONCHOCHb HAOEICHO20 IHMEPANbHO20 NUMAHUSL DOIbHBIX PAKOM
JICenyOKa NOCie XUpPypeuuecko2o Jeyenus 8 meyenue OAumenvho2o epemenu. Ipeumyuecmeamu 0anno2o memood iedeHus CrLylcam
8bICOKASL BE30NACHOCHb, XOPOULASL NEPEHOCUMOCTb €20 BObHbLMU.

Knrouesvle cnosa: kamemep, el0HOCMOMUSL, PAK JCELYOKA, XUPYP2ULECKOe NeUeHle, IHMEPALbHOe NUMAHUe.

AHJATIA

ACKA3AHHBIH KATEPJII ICITIH XUPYPI'UAJIBIK ) KOJIMEH EM/IEY KE3IHAEI'T
KATETEPJIIK EOHOCTOMUAA
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O3exminizi: Eyponanvlk napenmepanbobl JcoHe IHMepaibobl MaMaKmany Ko2amvl SHMepaibobl mamakmanyosbl KOPeKmiK 3am-
mapovl Kabwii0ayovly KOIAUIbL HCONbl peminoe YCblHaovl. Anaiioa, y3axK mMep3imoi HA30UHMeCMUHAIObIK 30HOMbIY 00Vbl NAYUEHNI-
mepoe eneyni KoAaucvi30bIKmsl myovipaobl HOHe MYPbIH, HCYMKbIHUWAK, OHeul, ACKA3aH MeH iueK OUblLIYIApbIHbIY naioa 00ony Kayni
ocvimeH mikenetl 6aianbICMbL.

3epmmey maxcamol — onepayusa0an Keuinzi keseyoe acKkasauHvly Kamepii iciei 6ap naykacmapowly sHmMepaibobl MaMaKmanybiH-
0a kamemepik eloHOCMOMUAHbL KOIOAHY MYMKIHOIKmepin 3epmmey 6oabln maowvliaobl.

Aoicmepi: JKymvic ecacmpakmomusoan Ketin dHcone Kamepii iCikke OAUAAHbICMbl ACKA3AH PE3eKYUSCbIHAH Kelinei IHmMepaibovl
mamakmaunyoan emxern 71 nayxacmol mexcepy stcone Xupypeusvlk emoey nomudicenepine nezizoenzen. Onapoviy 36-coinoa (baxwinay
moobl) KOpeKmiK 3ammapovl eHei3y YUliH HA30€IOHAIbObl MYMIK NAUOANAHBLIOb, Al 35-iHOe (Hezi3el mon) — mepi apKblivl Kamemepii
9HMEPOCMOMACHL KOIOAHBLIObL. DHMePaIbObl MAMAKMAaHy npuHyunmepi exi monma oa 6ipoeti 60.10bl.

Homuboicenepi: omxizeen 3epmmeyimizee yHiNceK, HAyKacmapobly OMIip CanacblHa dHmepeanrbobl mamaxmany soicmepi opKaiail
ocepin kopcemmi. TpancnasanvOvl 30H0 apKblIbl MAMAKMAHY 0APILIK J0IC apacbiHOa ey biH2alicbl3 60abin WblKkmsl. OMip canacol
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memenoecen 6aKvliaAy MoObIHA KAPA2aHOd, KAmemepiiK eloHOCMoMd OpHamvli2an Hezizei monmuiy 14 (40%) Haykacel biyealicvi30bIK
manvimnaosl. Elonocmomansl 630icimen any, anryovl 6miny dcazoatinapsl 60amaobl. lu kabvipeacvinoa euwldip acKplHy eHOCmoMa myp-
20H YaKbimma 0d, OHbl AIblN MACMA2aH cOl 0a 60IMAaobl. Byn elonocmomansiy iw KyblcbiHa el 632epic oKeamell, abli MacmaibiHeaH
COH 631HeH KelliH aumapavblKkmail i3 Kai0blpMatmvlHbIH KOpcemeoi.

Kopovimuinowsr: kamemepaix eloHOCMOMUSA ACKA3AH Kamep.i iCizine dcacanean onepayusaoan Keiin husuonocusnblk mypavloan ma-
MaKmanyOvlyy muimoi opi Koaaiavl 9dici bonvin madwiiadwl. fAenu, backa odicmepee Kapazanoa Kayinicis, HAyKACmMap yuwin biH2ailibl
bonvin Keneoi.

Tyuinoi cesdep: kamemep, elOHOCMOMUSL, ACKA3AH ICL2l, XUPYP2USTBIK eMOey, IHMepanb0i mamakmamy.
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ABSTRACT

Relevance: A breakthrough in managing multiple myeloma is associated with introducing monoclonal antibodies, significantly
increasing overall response rates and improving progression-free survival. Combination regimens with monoclonal antibodies and
immunomodulators demonstrate high efficacy even in patients resistant to previous lines of therapy.

The study aimed to evaluate the efficacy of anti-CD38 monoclonal antibodies (daratumumab) in patients with multiple myeloma

after one or more prior therapy lines with other drugs.

Methods: A retrospective medical data analysis was conducted on 22 patients with refractory or relapsed MM who received
daratumumab from February 2018 to November 2023. Patients received daratumumab either as monotherapy or in combination with
other agents. The efficacy assessment was performed using the criteria of the International Myeloma Working Group (IMWG).

Results: The overall response rate to daratumumab treatment was 59.1%. The overall survival rate was 100% at two years and 95%
by the end of the analysis period. Disease progression was observed in 22.7% of patients. The safety profile was acceptable, with mild
to moderate side effects predominating, including thrombocytopenia, anemia, and neutropenia.

Conclusion: Daratumumab is an effective treatment for patients with refractory or relapsed MM who have undergone multiple prior
lines of therapy. Treatment with daratumumab leads to significant improvements in clinical outcomes and progression-free survival.
These data support the feasibility of using daratumumab in MM therapy and highlight the need for further study of its combination

regimens and predictive factors for better therapeutic response.

Keywords: multiple myeloma, relapsed/refractory multiple myeloma, anti-CD38 antibodies, monoclonal antibodies, daratumumab,

treatment efficacy.

Introduction: Multiple myeloma (MM) is a neoplas-
tic hematopoietic system disease characterized by un-
controlled proliferation of plasma cells in the bone mar-
row. The proliferation of monoclonal plasma cells in the
bone marrow disrupts the normal process of hematopoie-
sis, leading to anemia. In addition, malignant plasma cells
secrete monoclonal immunoglobulin, the so-called para-
protein or M-protein, and infiltrate other vital organs [1]. It
should be noted that MM is the longest-diagnosed type of
cancer in the world due to the various spectrum of clinical
symptoms, in particular, back and bone pain, which often
leads to late referral to oncologists and hematologists [2].

MM accounts for 1-2% of all oncological diseases and
17% of all oncohematological pathologies. On a global scale,
over 180,000 cases and 121,000 deaths due to MM are re-
ported annually among men and women of all ages [3]. The
incidence in men is higher than in women, and several au-
thors have noted ethnic and racial differences. For example,
MM is twice as common in people of Aframerican origin [4-
71. According to the National Cancer Institute, MM’s 5-year
overall survival (OS) in 2013-2019 composed 59.8% [8].

The use of proteasome inhibitors, immunomodulato-
ry drugs, monoclonal antibodies (MAs), and new therapies
has significantly improved progression-free survival and
overall survival in patients with multiple myeloma over the
past decades [1, 9]. One of the effective drugs for MM treat-
ment is IGlkappa MA, which binds to CD38 glycoprotein
[10]. CD38 induces cell adhesion and cytokine release and
is highly expressed on the surface of myeloma cells, mak-
ing it a target for MA IG1kappa.

One of the initial indications for MA use was daratu-
mumab monotherapy in pre-treated patients with MM
who had received several prior lines of therapy, including
proteasome inhibitors and immunomodulators, as well as
in patients with refractory to proteasome inhibitors and
immunomodulators [11]. A retrospective analysis of 34 cas-
es with primary and repeated use of MA and immunomod-
ulators in patients previously treated with these drugs and
refractory to them and in patients previously not treat-
ed with these drugs showed that the use of MA in com-
bination with immunomodulators was effective not only
in patients not taking these agents but also demonstrat-
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ed a clinical response in a third of patients who received
repeated treatment with these drugs [12]. The clinical trial
data that studied the efficacy of anti-CD38 MA monother-
apy showed an overall response rate (ORR) in 31% of cas-
es and a median OS of 20.1 months [13]. Besides, according
to the Phase 2 SIRIUS clinical trial, which assessed the effi-
cacy of MA as a monotherapy, the ORR was 30.4%, and the
mean OS was 20.5 months [14, 15].

Two phase 3 clinical trials (CASTOR and CANDOR) as-
sessed the efficacy of MA in combination with proteasome
inhibitors in patients with relapsed/refractory MM. The final
analysis of OS in a 6-year follow-up of patients treated with
daratumumab in the CASTOR study showed that OS was
significantly higher in the group with IGlkappa MA, and the
mean OS in this group composed 49.6 months, and in the
control group was - 38.5 months [16]. According to the final
analysis of the CANDOR study, the progression-free surviv-
al (PFS) in patients treated with IgG1k MA was 28.4 months
after a 50-month follow-up, compared to a control group
(15.8 months) [17].

In a similar POLLUX study using MA combined with im-
munomodulators, the 12-month PFS amounted to 64.8%,
and the ORT composed 92.9% [18].

The results of the aforesaid studies on the use of
CD38-directed MA in treating patients with MM have

shown the efficacy of various treatment regimens.
In this respect, further study of the efficacy of an-
ti-CD38 MA in patients with refractory/relapsed MM is
needed [11-18].

The study aimed to evaluate the efficacy of anti-CD38
monoclonal antibodies (daratumumab) in patients with
multiple myeloma after one or more prior therapy lines
with other drugs.

Materials and Methods: A retrospective analysis of
medical data was carried out in 22 patients with MM reg-
istered with the City Clinical Hospital No. 7 in Almaty,
with 1 or more previous lines of therapy, who received
daratumumab in monotherapy and/or in combination
with other agents in the period from February 2018 to
November 2023.

The study included 9 men and 11 women. The aver-
age age of patients at enrollment was 62+11.9 years, and
50% were over 65 years old. The study group included
59% of women and 41% of men. The time from diagno-
sis to initiation of IGlkappa MA therapy ranged from 3
to 62 months, with a median of 30.3 months. Notably,
50% of patients received more than three lines of thera-
py before initiation of MA treatment, and all patients re-
ceived proteasome inhibitors. The data are presented in
Table 1.

Table 1 - Clinical characteristics and refractory status of patients enrolled in the study (n=22)

Indicator Value, n (share, %)
Number of patients 22 (100)
Median age at study entry, year (range) 62 (38-87)
Age >65 years 11 (50)
Sex
Men 9 (41)
Women 13 (59)
Time from diagnosis to the start of daratumumab therapy, months (range) 30.3 (3-62)
Average number of prior therapies (range) 3.3 (1-6)
>3 lines of prior therapy 11 (50)
Prior autologous hematopoietic stem cell transplantation 2(9.1)
Prior proteasome inhibitor therapy 22 (100)
Prior therapy with immunomodulators 12 (54.4)

Treatment regimen: Within the frames of monotherapy,
patients received daratumumab 16 mg/kg IV or 1800 mg
SC once weekly at 1-8 weeks, once every 2 weeks at 9-24
weeks, and once every 4 weeks from week 25 onwards un-
til progression or intolerance development.

In cases of combination therapy with other agents, the
following dosages of drugs have been used:

Daratumumab - 16 mg/kg IV or 1800 mg SC once a
week at 1-8 weeks, once every 2 weeks at 9-24 weeks, and
once every 4 weeks from week 25 onwards until progres-
sion or until intolerance development.

Bortezomib - 1.3 mg/m? subcutaneously or intrave-
nously, days 1,4,8,11 (cycles 1-8).

Lenalidomide - 25 mg orally, days 1-21.

Pomalidomide — 4 mg once daily orally, days 1-21.

Dexamethasone — 20 mg orally or intravenously, days
1,2,4,5,8,9,11,12 (cycles 1-8) when used with Bortezomib, or

Dexamethasone 40 mg orally or intravenously when used
with Lenalidomide/Pomalidomide [19].

In order to assess the response, the International Mye-
loma Working Group (IMWG) criteria have been used [20].
The Overall Response Rate (ORR) was obtained by patients
achieving a strict complete response, a complete objective
response, a very good partial objective response, a partial
objective response, a minimal response, and stabilization
of the process. The OS was defined as the time from reg-
istration to death for any reason. Progression-free survival
(PFS) was defined as the time from initiation of treatment
with IGlkappa MA to disease progression or death from
any cause. The analysis of OS and PFS was carried out us-
ing the Kaplan-Meier method. The MedCalc Software, Bel-
gium, was used for statistical analysis.

Results: According to our study, the ORR of patients with
MM for treatment with daratumumab composed 59.1%. Of
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these, 13.6% of patients achieved a complete objective re-
sponse, 18.2% achieved a very good partial response, and
13.6% achieved a partial response. In 13.6% of patients, a min-
imal response was noted. However, 22.7% of patients expe-

Table 2 — Response rate to treatment with anti-CD 38 MA

rienced the disease progression, including patients who un-
derwent autologous hematopoietic stem cell transplantation
(@auto-HSCT). The distribution of patients depending on the
response to IGlkappa MA therapy is presented in Table 2.

) Number of patients
Response to anti-CD 38 MA therapy Abs. %
Overall response rate 13 59.1
Strict full response 0 0
Complete objective response 3 13.6
Very good objective partial response 4 18.2
Partial objective response 3 13.6
Minimal response 3 13.6
Stabilization of the disease 2 9.1
Disease progression 5 22.7
Death 2 9.1
Overall survival (OS) rate 95.45
Progression-free survival 72.73

After two years of follow-up, the OS amounted to
100%; by the end of the follow-up period, it declined to
95% (Figure 1).

In patients with a history of auto-HSCT, the OS com-
posed 100%, but 50% experienced the disease progres-
sion on the IGlkappa MA therapy after an average of 2
years of follow-up (Figure 2).

Figure 2 - Progression-free survival (PFS) of patients on
daratumumab therapy (n=22).

The findings highlight the importance of daratumum-
ab as an effective tool for managing refractory or relapsed
forms of the disease. The high rates of ORR and PFS indi-
cate this drug’s potential to improve patients’ long-term
outcomes.
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Figure 1 - Overall survival of patients with
daratumumab therapy (n=22)
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Safety profile: 72.8% of patients developed adverse re-
actions to daratumumab. According to Table 3, the most
common side effects of anti-CD38 MA therapy were throm-
bocytopenia (9 patients) and anemia (7 patients). Neutro-
penia was observed in 5 patients, infectious complications
in 2 patients, and severe neutropenia with fever in one pa-
tient required temporary treatment discontinuation. A re-

action to the infusion was observed in 3 patients only at
the first drug administration and did not require therapeu-
tic intervention. This safety profile confirms that anti-CD
38 MA is a relatively safe drug, with a predominance of
mild to moderate side effects. The incidence of serious ad-
verse events was low, and most reactions did not require
significant therapy changes.

Table 3 — Most common adverse events associated with Anti-CD38 MA treatment

Adverse Events Associated with Anti-CD38 MA Treatment Ab:otal number of pat|ents%
Neutropenia 5 22.7
Anemia 7 31.8
Thrombocytopenia 9 40.9
Pneumonia 1 4.5
Infection 2 9.1
Reaction to infusion 3 13.6

Discussion: The study results demonstrate that 1G-
Tkappa MA is an effective treatment for patients with re-
fractory or relapsed disease, including those who have
received 3 or more lines of prior therapy, including a his-
tory of auto-HSCT [21,22]. The analysis of data from a ret-
rospective study of 22 patients showed that the use of
anti-CD38 MA both in monotherapy and in combination
with other agents leads to significant improvements in
clinical outcomes, including high rates of ORR and PFS.
The MA safety profile was acceptable, predominating
mild to moderate adverse reactions that did not require
treatment discontinuation. The data of our study corre-
late with the world data on the therapy of refractory and
relapsed MM using various treatment regimens with the
inclusion of IGTkappa MA.

The studies of the MA efficacy in combination with
proteasome inhibitors and immunomodulators in patients
with newly diagnosed MM showed a significant improve-
ment in PFS, complete response achievement, and a nega-
tive outcome of minimal residual disease in patients treat-
ed with daratumumab, compared to the control group
[21-24]. The findings support the use of daratumumab in
patients with refractory and relapsed forms of the disease
and as a first-line therapy to improve clinical response and
patient survival.

Conclusion: The efficacy of daratumumab in treat-
ing MM is currently beyond doubt. The use of anti-CD38
monoclonal drugs in first-line therapy has been shown to
improve the OS and PFS. Numerous studies also support
the potential for expanding indications, including reg-
imens in combination with daratumumab. The analysis
of the results of daratumumab use in combination regi-
mens may provide additional evidence of its efficacy and
safety, allowing for even wider use of this drug in clin-
ical practice. Besides, further studies to identify factors
that determine response to therapy and possible failures
are noteworthy, which will facilitate the personalization
of treatment and improvement of outcomes for patients
with MM.
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AHJATIIA

KOIITIK MUEJIOMAHBI EMJIEYJIE AHTHU-CD38 AHTUJAEHEJIEPIHIH
TUIMALJIIT'TH BAFAJIAY:
PETPOCHIEKTUBTIK 3EPTTEYAIH HOTUXEJIEPI

P.M. Pamaszanosa', 3./1. /lymiumosa®, b.A. babawoe*, M.b. Kyoauoepzen', I'T. Kaoviposa'

1«C. AcheHamnapoB aTbiHAarbl Kasak ynTTbik MeauUmHa yuusepcuteTi» KEAK, Anmatbl, Kasakcrax Pecny6nmkach;
2«dn-Oapabu atbiparbl KazYY» KEAK, Anmatbl, KasakcTa Pecny6nukach;
3«Ne7 kananblk KIUHUKaNbIK aypyxaHacbl», Anmartbl, Kazakctan Pecny6ankaco!

Oszexminizi: Konmik muenomansl emoeyoezi cepninic MOHOKIOHANOb anmuoenenepoi Konoanyovly dacmanyvimen 6auianbicmol,
Oy Jrcannvl KHcayan JHCuinicin edayip apmmulpuln, aypyowly YOeyiHCi3 oMip cypy Kepcemxiwmepin dcakcapmaovl. MonokioHaniovl
aHmuoeHnenep MeH UMMYHOMOOYIAMOPAapObl OIpIKMIpin K0A0aHY, a10biyabl mepanuaHvly OipHeue Hcoa0apblHa me3imoi HayKacmapoa

0a dco2apbl Muimoinicin kepcemeoi.

3epmmey makcamol — backa npenapammap Kiacmapvimer Oip Hemece OipHeute andbiHebl Mepanus HCoa0apbiHAH OMKeH KONmiK
muenomacsl bap naykacmapoa anmu-CD38 monoxnonanovl anmudereci (Oapamymymadmel) KO10AHy muimoiniein 3epmmey.

Aoicmepi: 2018 xncoinoviy aknanvinan 2023 sHevli0bly Kapawacelia Oetiin oapamymymad anzan pegppakmepii nemece peyuousmi
KONMIK Muenioma OuazHo3vl Kolblnean 22 nayuenmmiy MeOuyuHanblk 0epekmepine pempocnekmusmi manoay sscacanovl. Haykacmap
dapamymymadmusl MOHOmepanus mypinoe de, 6ackKa azeHmmepmer KOMOuHayuaoa oa Kabwvinoaowvl. Tuimdinikmi bazanay Mueroma
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ootteinua Xanvikapanvix (IMWG) scymvic moobuinbiy kpumepuiinepine colkec JHcypeizinoi.

Homuorcenepi: [lapamymymadbnen emoeyze dxcannst dcayan dscuinici 59,1%-0vl Kypaowvl. EXi dcelnoan Keuinei scainvt omip cypy
oeneetii 100%, manoay keseniniy convinoa — 95% 6onowt. Aypyoviy yoeyi nayuenmmepoiy 22,7%-vinoa 6atikanovt. Kayincizoik npoguii
KAHA2ammManapivik 6010bl, He2i3el HCaHama scepiep — mpomMOoYUmoneHus,, AHeMUsl HCOHe HellMmpOneHUs CUSIKMbL HCEHL HCOHe OPMaud
ayeipIbIKMaebl ACKbIHYIap.

Kopvimuinow: Jlapamymymad peppakmepni nemece peyuougmi KONmMiK mMueioma OUazHo3bl KoliblieaH dtcone OipHeuie aniobiiebl
mepanus JHCONOAPLIHAH OMKEeH HAYKACMAapovl emoeyoiy muimoi Kypaivl 00avin madwvlaiadsl. Japamymymadnen emoey KIUHUKAIBIK,
Homudicenepoi dioHe aypyovly yoeyinciz emip cypyoi aumapiavikmail dcaxcapmaovl. byn monimemmep oapamymymabmei Konmik
Muenoma eminoe Koioanyowblly OPbIHObLIbIZbIH JCOHE OHbIY OIPIKMIpineer pexcumoepin opi Kapail 3epmmey Kajicemminiein Koa0auobl.

Tyiiin ce3dep: xonmix muenoma, Kaumanaweau/peppaxkmepiix kenmixk muenoma, awmu-CD38 anmuoernenepi, MOHOKIOHAIObI
anmuoeHenep, oapamymymao, emoeyoiy muimoiniei.

AHHOTAIIUA

OHEHKA D9®®EKTUBHOCTH AHTHU-CD38 AHTHUTE.I
B JIEYHEHUU MHO’KECTBEHHOU MUEJIOMbI:
PE3YJIBTATBI PETPOCIIEKTUBHOI'O UCCJIEJOBAHUA

P.M. Pamaszanosa', 3. /1. lywmumosa®, b.A. Babawoé®, M.b. Kyoaiioepzen', I.'T. Kaoviposa

THAO «Ka3axckuii HaumoHanbHblit MeAMUMHCKII yHuBepcuTeT M. CAcheHauapoBax, Anmartbl, Pecnybnuka Kasaxcras;
2ZHAQ «Ka3axckwmit HaumoHanbHblit yHuBepcuTet uM.anb-Oapabur, Anmatbl, Pecny6nuka Kasaxcran
3K Ha NXB «fopoackan KnuHnyeckan 6onbHuLa No7», Anmatbl, Pecnybnika Kasaxcrau

Axmyanvnocms: [Ipopvie 6 neuenuu muodxcecmeennou mueromvt (MM) ceazan ¢ nawaniom ucnonvb308anus MOHOKIOHAIbHbIX
ammumen, KOmMopbvle 3HAYUMENbHO nosblarom yacmomy oowezo omeema (400) u yiyuuam vloHCUBAEMOCHb Oe3 NPO2Peccupo8anus
(BbII). Kombunupogannvle cxembli ¢ MOHOKIOHANbHbIMU anmumenamu (MA) u ummyHomooyaamopamu 0eMOHCMPUpYiom 6biCOKYIO
agppexmusnocms y nayuenmos ¢ MM, 6 mom uucne u ¢ peyuousupyroweii u pegppaxmeproui MM.

ILlenv uccnedosanus — uzyuenue spghekmusHocmu ucnoibsosanus aumu-CD38 MOHOKIOHANbHOZO anmumenda y nayueHmos ¢
MHOHCECMBEHHOU MUCTIOMOLL NOCTe OOHOU UNU/U HECKOTLKUX NPeOUeCMBYIOWUX JUHUTL MePanuu Opy2umMu KAaccami npenapamos.

Memoowi: Ilposeden pempocneKmuGubvlll aHAIU3 MEOUYUHCKUX OAHHbIX 22 NAyuenmos ¢ pe@pakmepHou uiu peyuougupyoueri
¢opmoti MM, nonyyaswux anmu-CD 38 MA 6 nepuoo ¢ gpespans 2018 no noabpe 2023 2o00a. Ilayuenmol nonyuaiu npenapam Kax 6
MOHOmepanuu, maxk u 6 koméunayuu ¢ opyeumu azenmamu. Oyenxa sppekmusnocmu nPo8OOUNACH ¢ UCNONb30BAHUEM KpUMepUes
Mesicoynapoonoii paboueii epynnot no mueaome (IMWG).

Pesynemamui: YOO na neuenue npenapamom anmu-CD 38 MA cocmasuna 59,1%. Obwas eviocusaemocms uepez 08a 200d
cocmasuna 100%, k konyy nepuooa ananrusa — 95%. Ipoepeccuposanue 3abonesanus nabuooanocs y 22,7% nayuenmos. Ipoguis
besonachocmu 6bl1 QORYCMUMbBIM, ¢ NPEOOIAOAHUEM Te2KUX U YMEPEHHbIX NOOOUHBIX I¢hPexmos, Kuouas mpomoOoyumoneHuio,
AHeMUIO U HEUMPONeHUro.

3akntouenue: Ipenapam anmu-CD 38 MA signsiemes s¢pghexmusnvim cpedcmeom 0iisi iedeHus NayueHmos ¢ pepaxmepro uiu
peyuousupyroweti gopmou MM, npoutedwiux Heckonvko 1unuil npedwecmayrowell mepanuu. Jleuenue ¢ ucnonvzosanuem MA anmu-
CD -38 npusooum K 3Ha4umesbHOMY YIYUUeHUIO KIUHUYeCKUX pe3yiomamos u BEII. Dmu 0annvie nooodepacusaiom yeaiecooopasnocms
ucnonvzoganus anmu-CD 38 MA ¢ mepanuu MM u neobxooumocms OanvHeliue2o u3yienus e20 KOMOUHUPOBAHHBLX PENCUMOE U
Gdakmopos, npeockazvbleaIoWUX LyYUUL Omeem Ha mepanuio.

Kniouesvle cnosea: MHOMCECMEEHHAA MueioMd, peyuousupyrowas/pepakmepuas Mmuodcecmeennas mueioma, auwmu-CD38
anmumend, MOHOKIOHAbHbIe anmumena (MA), oapamymymao, s¢pdexmusnocms reueHus.
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ABSTRACT

Relevance: Soft tissue sarcomas (STSs) are rare, aggressive malignant neoplasms that arise from mesenchymal tis-sues. They
account for no more than 1% of all malignant tumors, can develop at any age, and are more common in mid-dle-aged and older
people.

The study aimed to obtain a complete epidemiological picture of soft tissue sarcomas in the Republic of Kazakhstan for 11 years,
including data analysis for 2023. It considered various parameters such as age, gender, ethnicity, region, and tumor type.

Methods: The presented study included all patients registered in the national cancer registry of Kazakhstan from 2013 to 2023,
with a diagnosis of STS (ICD-10 code: C49). The number of STS cases is presented as absolute crude rates per 100,000 population.
Standardized morbidity and mortality rates were calculated using the World standard.

Results: From 2013 to 2023, 4697 cases of STS were reported, with an average increase in incidence of 13%. The STS incidence
was 2.4 cases per 100 thousand population. In terms of prevalence among other types of cancer, STSs ranked 19th in incidence and
18th in mortality and were not among the top 10 causes of mortality and morbidity. The incidence rate of STS for both sexes was
2.1 per 100 thousand population; mortality was 0.8 per 100 thousand popula-tion. Morbidity and mortality were higher among
men compared to women by 30% and 35%, respectively. Peaks in the incidence of STS were observed in the age groups 55-64
years (23.6% of cases) and 65-74 years (24%). Mortality from STS was observed in the age groups 55-64 years (24.3% of cases) and

65-74 years (17.5%).

Conclusion: STSs are varied, and their diagnosis can be difficult in the early stages. The increasing incidence with age, especially
in middle-aged people, emphasizes the importance of active prevention and early diagnosis in older peo-ple.
Keywords: epidemiology, morbidity, soft tissue sarcoma, mortality.

Introduction: Soft tissue sarcomas (STSs) and extra-
0sseous sarcomas are a group of rare, aggressive malig-
nancies that arise from mesenchymal tissues, often pre-
senting diagnostic and therapeutic challenges. STS can
develop at any age but is most common in middle-aged
and older people. In pediatric oncology, STSs account for
7-10% of all childhood cancer cases. The most common
sites of their localization are the extremities (60%) and re-
troperitoneal space (15%). The average age at diagnosis
is 54 years. The five-year relative survival rate for all stag-
es of STS is 58%, and the overall five-year survival rate is
about 50% [1].

From 1990 to 2021, the global incidence of soft tis-
sue and extraosseous sarcomas increased from 54,631 to
96,201.The crude incidence rate increased from 1.02 to 1.22
per 100,000 population. From 1990 to 2021, there was an
increase in the incidence and crude mortality rates of soft
tissue and extraosseous sarcomas, while the age-standard-
ized rate decreased. The incidence rate is higher in males
compared to females. Compared with 1990, the incidence

rate among older people increased in 2021, while the inci-
dence rate among children under 5 years decreased, and
little change was observed in other age groups. The mor-
tality rate among children and older people decreased [1].

In recent years, the STS incidence has been steadi-
ly growing worldwide, with significant differences in in-
cidence rates between regions [2]. The overall incidence
rate in Japan was 3.4 per 100,000 from 2016 to 2019 [3]. Ac-
cording to epidemiological studies, STS overall incidence
in adults ranged from 4.2 to 4.7 per 100,000 persons per
year from 1995 to 2007 [4].

A retrospective registry study conducted by the Na-
tional Institute for Epidemiology and Registry Initiatives in
Switzerland between 1996 and 2015 found improvements
in the 5-year comparative survival rate for soft tissue sarco-
ma, which increased from 56.4% in the period 1996-2001
to 61.6% in 2011-2015 due to advances in the treatment
of STS. It is worth noting that despite the increase in the
overall population, the number of deaths from STS has in-
creased significantly [5].
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In the United States, 26,758 cases of STS were re-
ported between 1978 and 2001, with a higher inci-
dence in males than females [6]. A study by the North
American Association of Central Cancer Regis-
tries examined the incidence of STS among adoles-
cents and young adults aged 15-29 years from 1995
to 2008 and found a 34% higher incidence in males
than females [7]. The male-to-female ratio in North-
ern India was 1.73:1 [8]. In the Veneto region of Italy,
STS incidence rates were higher among males across
all age groups between 1990 and 2018, with a moder-
ate upward trend over the past three decades in males,
while the incidence of STS among females remained
stable. These findings may be related to environmental
toxicants and occupational exposures, mainly involving
men. In addition, the locations and subtypes of STS dif-
fer by gender. Retroperitoneal STS is more common in
women, whereas men are more likely to develop tumors
in the extremities, head, and neck [12]. Undifferentiated
sarcomas and liposarcomas are more common in men,
while leiomyosarcomas, especially uterine leiomyosar-
comas, are most common in women [9].

In 2020, there were 13,130 cases of soft tissue cancer
(STQ) in the United States. The 5-year survival rate for
STC patients was approximately 15%, with a median sur-
vival of 8 to 16 months. The most common sarcomas in
adults are undifferentiated pleomorphic sarcoma, lipo-
sarcoma, and leiomyosarcoma. Distant metastases are
most commonly seen in the lungs (43%), liver (14%), and
bones (13%) [1].

In Europe, the incidence of sarcoma is 4-5 per 100,000
people per year. STSs account for about 1% of all malig-
nant tumors in adults and up to 15% of malignant tumors
in children aged 0-4 years [3].

In France, approximately 4,000 new STS cases are di-
agnosed annually, of which 23% are localized in the abdo-
men and pelvis [10].

From 2013 to 2017, 19,717 patients with STS were diag-
nosed in England (3943 patients per year), representing
approximately 0.8% of malignancies. The most common
diagnoses were gastrointestinal stromal tumors (20.2%),
leiomyosarcoma (13.3%), and undifferentiated sarcoma
(12.7%) [11].

The study aimed to obtain a complete epidemiolog-
ical picture of soft tissue sarcomas in the Republic of Ka-
zakhstan for 11 years, including data analysis for 2023. It
considered various parameters such as age, gender, eth-
nicity, region, and tumor type.

Materials and methods: The presented study includ-
ed all patients registered in the national cancer registry
of Kazakhstan from 2013 to 2023 with a diagnosis of “Soft
tissue sarcoma” (ICD-10 code: C49). Information in the

cancer registry reflects demographic data, disease stage,
histological type of tumor, treatment methods, and sur-
vival data throughout the country. Demographic varia-
bles included gender, age, and region of residence [12-
18]. The number of STS cases is presented as absolute
and crude indicators per 100,000 population. Standard-
ized incidence and mortality rates are calculated using
the world standard (World) and are given as absolute val-
ues. MS Excel 2013-2023 was used to visually display the
calculated indicators [12-18].

Results: Dynamics of incidence of soft tissue sarcomas in
the Republic of Kazakhstan (RK) from 2013 to 2023.

From 2013 to 2023, 4,697 cases of STS were registered,
with an average increase in incidence of 13%. High inci-
dence rates were recorded in 2015 (475 cases) and 2023
(473 cases). A decline in incidence was noted in 2017 and
2020, but since 2021, a stable incidence of more than 400
cases per year has been observed.

The mortality rate from 2013 to 2017 was high and var-
ied from 188 to 200 cases. However, since 2018, mortality
has decreased consistently from 177 to 138 cases in 2022.
In 2023, there was an increase in mortality to 156, although
22% lower than the 2013 mortality, despite the increase in
incidence in 2023 (Figure 1).

Oncological morbidity structure. In 2023, 37,038 new
malignant neoplasms (MN) cases were registered in the
Republic of Kazakhstan. Of these, 473 cases are soft tis-
sue malignancies, which is 0.8% of the total number and
ranks 19th in prevalence among other types of cancer.
The STS incidence was 2.4 cases per 100 thousand popu-
lation (Figure 2).

Statistics of incidence by gender and age groups.
STS standardized incidence in both sexes was 2.1 per
100 thousand. STS incidence was higher in men - 2.4
per 100 thousand, compared to 1.8 per 100 thousand
women.

STS peakincidence was observed at 55-64 years (23.6%
of cases) and 65-74 years (24%). In the age groups of 35-44
years and 45-54 years, the incidence was 12.9% and 12.3%,
respectively. The incidence among men exceeds the in-
dicators among women in most groups and amounts to
30%. The lowest incidence is observed in the younger age
categories (0-19 years) and the older group (85 years and
older). (Figure 3).

Statistics of incidence by ethnicity. Statistics of STS inci-
dence in women by ethnicity in 2023 were as follows: Ka-
zakhs - 126 cases, Russians — 76 cases, other nations - 25
cases, Ukrainians — 9 cases. Among men, by ethnicity in
2023: Kazakhs - 134 cases, Russians — 67 cases, other na-
tions — 29 cases, Ukrainians — 6 cases.

Thus, the highest STS incidence was observed in Ka-
zakhs in both sexes (Figures 4, 5).
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Figure 1 - Incidence and mortality rates from soft tissue sarcomas in the
Republic of Kazakhstan 2013-2023 (absolute number of cases)
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Figure 2 — Structure of cancer incidence in the Republic of Kazakhstan, 2023
(absolute number of cases)
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Figure 3 — Incidence rates of soft tissue sarcomas in the Republic of Kazakhstan,
by gender and age groups, 2023 (absolute number of cases)
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Figure 4 — Incidence of soft tissue sarcomas among
women in the Republic of Kazakhstan, broken down by
nationality, 2023 (% of cases)

Statistics of incidence by stages. The largest number of
cases of STS were detected at stages II-1ll, which is 62%, at
stage | - 23%, and at stage IV - 10%, which indicates the
difficulty of STS early diagnosis.
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Figure 5 — Incidence of soft tissue sarcomas among
men in the Republic of Kazakhstan, broken down by
nationality, 2023 (% of cases)

Statistics of incidence by localization. STSs most often af-
fect the soft tissues of the lower extremities (41%) and upper
extremities (17%), as well as the head, face and neck (14.6%).
27.4% of sarcomas are located in other localizations (Figure 7).
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Figure 6 — Incidence of soft tissue
sarcomas in the Republic of Kazakhstan,
broken down by stages, 2023 (absolute

number of cases)
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C49.8 Overlapping sites
of connective and soft tissue
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Figure 7 — Incidence of soft tissue sarcomas in the Republic of Kazakhstan, broken down by
localization according to ICD 10, 2023 (absolute number of cases)
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Statistics of incidence by histological type. By STC his-
totype, fibrosarcoma (25.6%), liposarcoma (20.6%) are
most common, synovial sarcoma (11.8%), fibrous histi-

ocytoma (10.6%). The remaining histological types ac-
count for 31.4% of the total number of cases of STS
(Figure 8).

Histological types of tumors

Reticulosis
Angiomyosarcoma
Malignant neurinoma
Solitary fibrous tumor
Malignant paraganglioma
Perithelioma
Neurofibrosarcoma
Haemangiosarcoma
Mixed cell sarcoma
Giant cell sarcoma
Myxoid liposarcoma
Small cell cancer
Alveolar rhabdomyosarcoma
Fibromyxoid sarcoma
Leiomyosarcoma
Dermatofibroma

Spindle cell sarcoma
Rhabdomyosarcoma
Malignant fibrous histiocytoma
Synovial sarcoma
Liposarcoma
Fibrosarcoma

20 40 60

No. of cases

Figure 8 — Incidence of soft tissue sarcomas in the Republic of Kazakhstan, broken
down by histological type according to ICD 10, 2023 (absolute number of cases)

Morbidity statistics by region. In the Republic of Kazakh-
stan in 2023, a high incidence rate of STS was observed in
the city of Almaty (11.7%) of the total number of cases, Kar-
aganda region (8%) and East Kazakhstan region (8%). A

high rate in the city of Almaty indicates a high population
density, the presence of an oncology center, and the po-
tential for a more efficient early diagnosis and treatment
system (Figure 9).
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Figure 9 — Incidence of soft tissue sarcomas in the Republic of Kazakhstan, broken down by region,
2023 (absolute number of cases)
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Mortality statistics by gender and age groups. STS stand-
ardized mortality rate in both sexes was 0.8 per 100,000
population. The peaks in STS mortality were observed in
the age groups of 55-64 years (24.3% of cases) and 65-74
years (17.5%). In the age groups of 45-54 years and 75-84
years, mortality was 11% and 13%, respectively. Mortality

rates were higher in men in most age groups and amount-
ed to 35%. In the age groups of 45-54 years and older peo-
ple and senile groups of 65-74 years and 75-84 years, the
mortality was higher among women. The lowest mortali-
ty was observed in junior and young age groups (0-19 and
20-34 years) (Figure 10).
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Figure 10 — Mortality rates from soft tissue sarcomas in the Republic of Kazakhstan,
broken down by gender and age groups, 2023 (absolute number of cases)

In 2023, in the structure of deaths from malignant neo-
plasms by localization, STSs ranked 18th in mortality (156

cases). They were not among the top 10 causes of death
from malignant neoplasms in Kazakhstan (Figure 11).
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Figure 11 - Structure of mortality from malignant neoplasms in the Republic of
Kazakhstan, broken down by localization, 2023 (absolute number of cases)
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Mortality statistics by region. In the Republic of
Kazakhstan in 2023, high mortality rates from STS
were observed in the Zhambyl region (3.3% each),
as well as in the Abay region and Almaty city. High

rates in the Zhambyl and Abay regions may be due
to the level of diagnosis, which leads to late de-
tection of sarcomas, which worsens the prognosis
(Figure 12).

16 115
14 - 13
12
w 121 1 11 N
Q
(%]
@
o
S
o
4
S

,‘,}\%

v Regions

Figure 12 — Mortality from soft tissue sarcomas in the Republic of Kazakhstan, broken down by
region, 2023 (absolute number of cases)

Discussion:

Despite the overall increase in STS incidence, there is
a trend toward a gradual decrease in mortality. This may
be due to improved treatment methods, which contribute
to increased patient survival and higher awareness among
physicians about sarcoma symptoms and modern diag-
nostic methods.

STS incidence was 2.4 cases per 100,000 population,
which confirms that these tumors are a relatively rare type
of malignancy. Although the focus is often on more com-
mon cancers, it is important not to forget the need for a
specialized approach to rare cancers.

The increase in incidence with age, especially among
the 55-74 age group, highlights the importance of active
prevention and early diagnosis among older people. It is
also worth noting that men are more likely to become ill
and die in most age categories.

A high incidence in the city of Almaty could be due to
the presence of a specialized center for treating bones and
soft tissues at KazlOR, which facilitates accurate diagnosis
and successful treatment of diseases.

STSs are diverse, and their diagnosis is challenging, es-
pecially in the early stages. Therefore, a multidisciplinary
approach is essential, which includes teamwork between
clinicians, pathologists, and radiologists.

Conclusion: Thus, from 2013 to 2023, 4697 STS cas-
es were registered in the Republic of Kazakhstan. The in-
cidence shows an average increase of 13%, with peaks in
2015 and 2023. At the same time, the mortality rate was
high in the first years but gradually decreased since 2018.
However, in 2023, the number of deaths increased, al-
though compared to 2013, the mortality rate is still 22%
lower.

In 2023, 37,038 new cases of malignant neoplasms were
registered in the country, of which 473 cases were in soft
tissues, which is only 0.8% of the total. At the same time,
there is a high incidence in men (2.4 cases per 100 thou-
sand population) compared to women (1.8 cases per 100
thousand). The largest number of cases was registered in
the age groups of 55-64 and 65-74 years.

By ethnicity, the highest incidence is observed among
Kazakhs, both men and women. It is also worth noting that
62% of cases are detected at stages Il and Ill of the disease,
which indicates the difficulties of diagnosis at early stages.

As for localization, sarcomas most often affect the soft
tissues of the lower extremities, upper extremities, and
head areas. The highest incidence was recorded by region
in the Almaty, Karaganda, and East Kazakhstan regions.

The mortality rate from sarcomas is 0.8 per 100 thou-
sand population, with the highest rates in the age groups
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of 55-64 and 65-74 years. At the same time, mortality
among men is higher than among women. In 2023, mor-
tality from sarcomas was 156 cases, with high rates in the
Zhambyl and Abay regions.
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AHJIATIIA

2013-2023 KBLIJIAPFA APHAJIFAH KABAKCTAH PPECIYBJIMKACBIHJAFBI
"KYMCAK TIHIEP CAPKOMAJIAPBIHBIH STTUAEMUOJIOTUSIIIBIK JKAFTAWMBI

JI.A. Tyneyosa', I'A. Cvrovikosa*, HM .Monoaxanosa®, A.M. Enexoaes®, K.K. Bypximoaes®

10gee clinic, Anmarbl, Ka3akcran Pecny6amkacsl;
Z«Kazak OHKONOrA aHe PaANosors FbibIMU-3epTTey UHCTUTYTbI» AK, Anmartbl, Kasakcran Pecny6amkacsl;
3YNTTBIK FbINbIMIA OHKONOTUANBIK OpTanbik» AK, Actaa, Kasakcran Pecny6nukachi

Oszexminizi: JKymcax mindepoiy capromacvl — Me3eHXUManvl minoepoen natioa bonamein, bapavik Kamepii icikmepoiy 1%-
0aH acnaimult, Ke3 KejleeH Hacma 0amu aiamvli, OIpaK opma xHoue e2oe dxeacmaavl a0amoapoa KHcui kezoecemin cupex Kezoe-
cemin azpeccusmi Kamep.i icikmep mooul.

3epmmeyoin maKcamol — JHcaAchl, HCOIHBICHL, YIMbL, AUMARLL HCOHE ICIK Mypi CUAKMbL OpMypai napamemprepoi eckepe ombi-
puin, 2023 ocvinea apuanean depexmepoi manodayowt Koca areanoa, Kasaxcman Pecnybauxaceinoa 11 scein iwinde scymcar min-
0ep capkomMacwiiblly MOablK INUOCMUOTOLUANIK DeliHeCiH ay.

Adoicmepi: ¥cvinvinean 3epmmeyee Hcymcax minoepoiy capkomacwvl ouaznozvimer (ICD-10 koowvr: C49) 2013-2023 scvindap
apanvievinoa Kazagcmanuvly yimmelk OHKOI0UANBIK peecmpinde mipkenzen Oapivlk nayuenmmep Kammuliovl. Kymcax min-
Oep capromacsl dcazoainapwinwiy canvt 100 000 xarvixka wakkanoa abconiommi opecken kopcemxiwmep peminoe depineen.
Cmanoapmmanaan aypyuayovlk neH eaimM-icimim Kopcemxiumepi OYHUeHCy3iaiK cmanoapmmaol KOA0AHY aApKbLIbl ecenmenoi
(World).

Homuocenepi: 2013 scvinoan 2023 sicwiniea oetlin acymcar minoepoiny capromacwinviy 4697 scazoaiivt mipkenoi, aypyulayobix-
muiy opmawa ocimi 13% xypaiioel. JKymcax mindepoiy capromacvimen coipgammanyuiviavis 100 meiy mypevinea waxkanoa 2,4
arcaz0aiiovl Kypaowl. Kamepai icikmiy 6acka mypiepiniy apaceinoa mapanysl 00ubiHuia aypyuayowvix 19-uier opvinoa, an enim-
orcimim 18-wi opvinoa srcone onim meH colpKkammanyuslivikmuoly anreauwksl 10 cebebiniy kamapvina Kipmeudi. Exi scvinvic ywin
0e CMT-men coipgammanywwiivis kopcemriui 100 moiy xanvikka wakganoa 2,1, enim-ocimin 100 mory xanvikga 0,8 Kypatiovl.
Epnep apaceinoa aypywanovik nen onim-acimin oiiendepmen canvicmoipeanoa cotikecinue 30% ocone 35% ocoeapel. KTK-men
COIPKAMMAanyublIblKmoly wblHsl 55-64 acac (23,6% orcazoatinap) scone 65-74 srcac (24%) scac monmapwinoa datikanovi. CTC-oan
b6onamuin onim 55-64 scac (24,3% ocazoaiinap) scone 65-74 scac (17,5%) scac monmapuvinoa 6aiikanovl.

Kopvimuinovi: SMT opmypii scone onapoviy ouazHosvl epme Kezeyoe Oeeini 0ip KublHObIKmaposl myovipaosl. JKac yneatiean
cailvll, ocipece opma dcacmazvl a0amoapoa aypyulayobiKmuly apmysl e2oe Jcacmaasvl mypavinoapoa oeicendi npopuiakmuxa
MeH epme OUazHOCMUKAHBIY MAHbI30bLIbI2bIH KOpCemeoi.

Tyiiinoi cezoep: snudemuonocus, aypyuanovlk, Hymcax miHoepoiy capromacyvl, ONiM-HCimiM.

AHHOTADI UL

SMUJIEMHUOJIOT MYECKOE COCTOSIHUE IO CAPKOMAM MAT'KUX TKAHEH
B PECITYBJIMKE KA3AXCTAH 3A 2013-2023 roasl

J.A. Tyneyosa', I A.Coiovikoea®, H.M .Monoaxanosa*, A.M. Enexéaes?, K.K. Bypkxumébaes®

10gee clinic, Anmarbl, Pecny6nnka Kazaxcras;
2A0 «Ka3axckuii HayuHo-1cCne0BaTENbCKHUI MHCTUTYT OHKONIOTUIA U paauonoriu», Anmatbl, Pecny6nuka Kazaxcran;
3700 «HauwoHanbHbIit HayuHblil OHKONOTUYECKMii LLeHTP», AcTaHa, Pecny6nnka Kazaxcrau

Axmyansnocmp: Capxomvl MASKUX MKAHEU — MO0 2PYNNA PEOKUX, AePeCCUBHBIX 3T0KAUECMBEHHbIX HOB00OPA308AHUL, KOMOpble
B803HUKATIOM U3 ME3EHXUMANIbHLIX MKAHEl, cOCagiaom He bonee 1% ecex 310KauecmeeHHbIX ONYXoietll, MO2ym pa3eueéamvcs 6 1ooom
603pacme, HO Hawe 6CMPEUAOMCsl Y H00ell CPEOHe20 U NONHCUL020 803PACTIA.

Llens uccnedosanusn — nonyuerue NOIHOU SNUOEMUOIOSUYECKOU KAPMUHBL capKom maekux mxarel 6 PK 3a 11 nem, exniouas anaius
dannvix 3a 2023 200 ¢ yuemom pasiuumblX napamempos, maxKux Kax 603pacm, noi, dMHUYECKAds NPUHAOIEeHCHOCb, Pe2UOH U Mun
OnyXouU.

Memoowvi: B npeocmasiennoe uccie0o8anuu Obliu GKIOUEHbl 6Ce NAYUEHNMDbL, 3APe2UCPUPOBAHHbIE 8 HAYUOHATLHOM KAHyep-
peaucmpe Kazaxcmana ¢ 2013 no 2023 ee. ¢ ouaenozom «Caproma maskux mxanein» (ko0 ICD-10:C49). Konuuecmgo ciyuaes capkom
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MASKUX MKAHel npedcmagieHo 8 guoe abcontomuvlx epyowix nokasamenetl va 100 000 nacenenus. Cmandapmu3oeanHvle noKazamenu
3a601e6aeMOCMU U CMEPMHOCTU PACCUUMAHYL C NPUMEHEHUeM Mupogozo cmanoapma (World) .

Pesynomamur: C 2013 no 2023 20061 6vin0 3apecucmpuposano 4697 ciyuaeeé capkom MseKux mkauetl, CpeOHull npupocm
3abonesaemocmu cocmasun 13%. 3abonesaemocms capkomamu maekux mxaueti cocmasuna 2,4 cayyas na 100 moicau nacenenus. Ilo
pacnpocmpaneHHocmu cpedu Opy2ux 8udo8 paxa 3aboneeaemocms sanumaem 19-e mecmo, a cmepmuocms — 18-e mecmo u He 6x00um
6 mon — 10 npuuun cmepmuocmu u 3abonesaemocmu. I[lokazamens sabonresaemocmu CMT ons 0boux nonog cocmasasem 2,1 na 100
mulcau Hacenenus, cmepmuocme cocmasisiem 0,8 na 100 moicau Hacenenus. 3a601€6aeMOCnb U CMEPNMHOCMb bllle CPEOU MYICUUH NO
cpagnenuio c scenwunamu na 30% u 35%, coomsemcmeenno. Huxu 3aboneeaemocmu CMT nabniooanucy 6 6o3pacmmuvix epynnax 55-64
nem (23,6% cayuaes) u 65-74 nem (24%). Cmepmuocmo om CMT nabniodanrace 6 eozpacmuuix epynnax 55-64 nem (24,3% cnyuaes) u
65-74 nem (17,5%).

3aknwouenue: CMT pasnoobpasnul, ux OUACHOCUKA 6bI3b16AEH ONPEOENEHHbIE CLOHCHOCIU HA PAHHUX CMAOUsX. Yeenuuenue
3a001€60eMOCTU C 803PACIMOM, 0CODEHHO Y 1I00ell CpedHe20 803pacmad, NOOYEPKUBAEm GANCHOCTIb AKMUGHOT NPOPUIAKMUKU U PAHHET
OUACHOCTUKU CPEOU NONHCULO20 HACENEHUS.

Kniwoueswvie cnosa: snudemuono2us, 3a601e64eMOCHb, CAPKOMA MASKUX MKAHEN, CMePMHOCHb.
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EFFICACY OF ERYTHROPOIETIN
IN THE CORRECTION OF ANEMIA IN ONCOLOGY
PATIENTS UNDERGOING CHEMOTHERAPY

D.U. SHAYAKHMETOVA', D.R. KAIDAROVA*, K.K. SMAGULOVA',
N.Z. TOKTAHAN', Zh.M. AMANKULOV"

'Kazakh Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan;
2Asfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Anemia is a common complication in oncology patients, reducing their quality of life and potentially decreasing the
effectiveness of antitumor therapy. Its prevalence among patients with solid tumors reaches 40%, and during chemotherapy, it increases
to 54%. The deterioration in patients’ condition is associated with chemotherapy-induced myelosuppression, making anemia correction
a crucial task. The primary pharmacological method for correction is using erythropoietins, which stimulate the proliferation of
erythroid progenitor cells.

The study aimed to evaluate the effectiveness and safety of erythropoietin in correcting anemia in oncology patients receiving
chemotherapy, focusing on improving treatment outcomes by correcting hematological parameters in real clinical practice.

Methods: This prospective, non-interventional study included 133 patients from two clinical centers in Kazakhstan. Inclusion
criteria: age >18 years, histologically confirmed solid tumor, anemia (Hb <100 g/L), and ongoing chemotherapy. The sample included
100 (75.2%) women and 33 (24.8%) men, with a median age of 60 years (52.0-67.5). The drug was administered 3 to 5 times in 78.2%
of patients and 1 to 2 times in 21.8%. Statistical analysis was performed using the Friedman and Wilcoxon criteria, with a significance

level of p<0.05.

Results: Data from 133 patients were analyzed. An increase in hemoglobin and erythrocyte levels was observed in 65.4-78.2%
of patients. In the first and third months, hemoglobin levels increased by 0.6 g/L (p<0.001), and erythrocyte levels increased by
0.2-0.3x10"/L (p<0.001). 33.1% of patients received the drug five or more times. No serious adverse events were recorded.

Conclusion: Erythropoietin demonstrated a statistically significant improvement in clinical parameters, confirming its effectiveness
and safety in correcting anemia in oncology patients receiving chemotherapy. This contributes to an improved quality of life and better

treatment outcomes.

Keywords: anemia, oncology, chemotherapy, erythropoietin, erythropoiesis, anemia correction, biosimilar, solid tumors.

Introduction: Anemia associated with chronic dis-
eases occurs in 40% of cancer patients with solid tu-
mors. The incidence of anemia during chemotherapy
reaches 54%, with 30% of cases being mild, 9% moder-
ate, and 1% severe. Anemia is most often observed in
lung cancer (71%) and tumors of the female reproductive
system (65%) [1, 2].

Chemotherapy may worsen anemia by decreasing he-
moglobin levels and worsening the general condition of
patients. In this context, the importance of anemia cor-
rection cannot be underestimated since it affects pa-
tients’ quality of life and can also reduce the effective-
ness of antitumor therapy [3]. Erythropoietins stimulate
the proliferation of the erythroid hematopoietic lineage
in the bone marrow. These drugs are actively used to cor-
rect anemia in cancer patients. Erythropoietin has been
approved for clinical use and has shown its effectiveness
in increasing hemoglobin levels and reducing the need
for blood transfusions in patients receiving chemother-
apy. However, despite its widespread use, questions re-
main about optimizing the administration regimen, effi-
cacy, and safety profile. In this regard, there was a need

to conduct this study in real clinical practice to assess the
efficacy and safety of erythropoietin in cancer patients
receiving chemotherapy.

The study aimed to evaluate the efficacy and safety
of erythropoietin in the correction of anemia in cancer
patients receiving chemotherapy, focusing on improving
treatment outcomes by correcting hematological param-
eters in real clinical practice.

Objectives of the study: to analyze the drug’s effect
on hemoglobin levels, the frequency of blood transfu-
sions, and the general condition of patients, as well as to
identify possible side effects when using it in real clinical
practice.

Materials and methods: The study was prospective,
non-interventional, and conducted in two clinical centers
in Kazakhstan. The study included and analyzed data from
133 patients. The main inclusion criteria were age 18 years,
verified diagnosis of solid cancer, laboratory-confirmed
anemia (hemoglobin level <100 g/L), and ongoing chemo-
therapy. The study patients included individuals of both
sexes, with a three-fold predominance of females: 100
women (75.2%) and 33 men (24.8%). The average age of
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patients was 60 years (range 52.0-67.5). Most study partici-
pants (57.1%) had a normal body mass index. The predom-
inant tumor localizations included gynecological tumors
- 40 patients (30.1%), tumors of the gastrointestinal tract
- 38 patients (28.6%), breast cancer - 22 patients (16.5%),
and other localizations - 33 patients (24.8%) (Table 1).

Table 1 - Clinical and demographic characteristics of
patients

Indicator n (%)
Floor
Men 33 (24.8%)
Women 100 (75.2%)
Age (Median (Q ,-Q ,)) 60 (52.0-67.5)
Body mass index
16-18.5 2 (1.5%)
18.5-25 76 (57.1%)
25-30 41 (30.8%)
30-35 11 (8.3%)
35-40 3 (2.3%)
Tumor localization
Hematological 3 (2.3%)
Gynecological 40 (30.1%)
Heads and necks 7 (5.3%)
Gastrointestinal tract 38 (28.6%)
Leather 2 (1.5%)
Lungs 8 (6.0%)
Breast 22 (16.5%
Urogenital system 9 (6.8%)
The locomotor system 4 (3.0%)
Total 133 (100%)

Patients received erythropoietin 40,000 IU/ml for
6 months before inclusion in the study. The total num-
ber of drug administrations ranged from 3 to 5 in 78.2%
of patients. The most common chemotherapeutic
agents were Cisplatin, Carboplatin, and Paclitaxel. These

drugs were used for chemotherapy in 74-90 patients
(55.6-67.6%).

The study analyzed changes in hemoglobin levels,
red blood cell (RBC) count, and the data on side effects.
The drug’s efficacy was assessed based on changes in he-
moglobin levels and RBC count, and safety was assessed
based on monitoring adverse events.

Statistical analysis used the Friedman and Wilcoxon crite-
riato compare laboratory data before and after drug admin-
istration. The Kruskal-Wallis criterion was used to compare
the blood parameters, considering the number of erythro-
poietin administrations and chemotherapy courses. The re-
sults were considered statistically significant at p<0.05.

Results: Data from 133 patients with solid tumors who
received erythropoietin for 6 months were analyzed. Ac-
cording to the study results, 33.1% of included patients
received erythropoietin five times or more, correspond-
ing to the study’s primary endpoint. It is also worth not-
ing that 66.2% of participants underwent 3 courses of
chemotherapy before the start of the drug administra-
tion, which emphasizes the relevance of using erythro-
poietin in treating anemia caused by cytostatic thera-
py. Twenty-five participants (18.8%) received 2 courses of
chemotherapy, and in 3 patients, chemotherapy was ad-
ministered once (2.3%). The proportion of patients who
received chemotherapy 4 to 7 times was 11.4%.

Red blood cell and hemoglobin values were assessed
each visit before and after erythropoietin administration.
No statistically significant changes were found between
visits between RBC count and hemoglobin levels (Table 2).

Table 2 - Dynamics of RBC count and hemoglobin levels before erythropoietin administration

Indicator Month 1 Month 2 Month 3 r
Erythrocytes 3.2 (3.0-3.5) 3.1(2.9-3.5) 3.2 (2.9-3.6) 0.221
Hemoglobin 93.0 (87.0-96.0) 92.0 (85.0-95.0) 92.0 (86.0-96.0) 0.125

Note: *Friedman criterion

With the introduction of erythropoietin, positive dy-
namics of erythrocyte and hemoglobin indices were
demonstrated in each observation period. During the
1*t and 2" months of observation, with the introduction
of the drug, erythrocyte indices increased by 0.2 10'2/L
(p<0.001) and by 0.3 10™/L (p<0.001) in the 3rd month.
Positive dynamics of hemoglobin indices gave a differ-
ence of 0.6 g/l (p<0.001) in the 1°t and 3rd months of ob-
servation and by 0.4 g/l in the 2" month (p<0.001). Tak-
ing into account that the clinical course of malignant

neoplasms in most cases is accompanied by the develop-
ment of anemia both as a result of treatment (chemother-
apy) and as a result of impaired erythropoietin response,
the above dynamics of indices shows excellent results of
using the drug [4]. Table 3 shows the data on the effect of
erythropoietin administration on blood parameters (he-
moglobin, erythrocytes) during the observation period.
Statistically significant differences in blood parameters
before and after administration of the drug were found
for all months of observation.

Table 3 - Effect of erythropoietin administration on blood parameters (hemoglobin, erythrocytes) according to 1-3

months of observation

Month of observation

Indicators 1 o* 2 p* 3 p*
Erythrocytes, before the introduction of EZ 3.2(3.0-3.5) <0.001 3.1(2.9-3.5) <0.001 3.2(2.9-3.6) <0.001
Erythrocytes after administration of EZ 3.4 (3.1-3.9) 3.3(3.0-3.7) 3.5(3.2-3.8)
Hemoglobin, before the introduction of EZ 93.0 (87.0-96.0) | <0.001 | 92.0(85.0-95.0) | <0.001 | 92.0(86.0-96.0) | <0.001
Hemoglobin after administration of EZ 99.0 (91.5-102.5) 96.0 (92.0-101.0) 98.0 (91.0-104.0)

Note: *Wilcoxon test

70

Oncology and Radiology of Kazakhstan, Nel (75) 2025



2
\S KAZAKH INSTITUTE OF ONEDLOGY AND RADIOLOGY

ORIGINAL INVESTIGATIONS

No statistically significant differences were found
when studying the effect of the number of chemo-

therapy courses on RBC count and hemoglobin levels
(Table 4).

Table 4 - Effect of the number of chemotherapies on blood parameters before the introduction of erythropoietin

according to visit data

. Number of chemotherapy treatments
Indicators r
1-2 3 4 or more
Erythrocytes 3.2 (2.8-3.9) 3.2 (3.0-3.4) 3.3(3.1-3.8) 0.592
Hemoglobin 89.0 (83.0-96.5) 93.0 (88.0-96.5) 94.0 (90.0-97.0) 0.234

Note: *Kruskal-Wallis test, no statistically significant differences found

Table 5 shows the data on the effect of the num-
ber of erythropoietin administrations on hemoglo-
bin and erythrocyte indices. A positive increase in RBC
counts and hemoglobin levels was noted after chemo-
therapy with the administration of erythropoietin in
the 1st month of observation. Despite the administra-
tion of chemotherapeutic drugs, the differences in the
median values of the difference in both the number
of erythrocytes and the hemoglobin level are statisti-
cally significant. The increase was more pronounced
with two and three intakes of the drug. A higher he-

moglobin difference was noted with three or more ad-
ministrations - 10.0 (6.0; 16.0), and erythrocytes with
two administrations - 0.23 (-0.02; 0.48). In the second
and third months of observation, increases in eryth-
rocyte and hemoglobin indices were recorded in all
groups after administering the drug. The greatest in-
crease was noted with three or more administrations
of the drug, but these differences are not statistically
significant.

Table 6 shows the direction of changes in RBC count
and hemoglobin levels by months of observation.

Table 5 - Effect of the number of erythropoietin administrations on the difference in blood parameter values according

to 1-3 months of observations

. Number of erythropoietin injections
Indicators r
1 | 2 | 3 or more
After 1 month (n=128)
Median difference in RBC counts before and after . . .
chemotherapy 0.10 (-0.03; 0.25) 0.23 (-0.02; 0.48) 0.20 (0.13; 0.40) 0.043
Median difference in hemoglobin levels before and . . .
after chemotherapy 3.0 (1.0; 8.0) 7.0 (2.0; 13.0) 10.0 (6.0; 16.0) 0,001
After 2 months (n=122)
Median difference in RBC counts before and after . . .
chemotherapy 0.18 (0.03; 0.35) 0.19 (0.01; 0.40) 0.43 (0.28; 0.55) 0.198
Median difference in hemoglobin levels before and . . .
after chemotherapy 4.0 (2.0;9.0) 5.0 (1.0; 7.0) 15.0 (9.5; 19.0) 0.062
After 3 months (n=109)
Median difference in RBC counts before and after . . .
chemotherapy 0.21 (0.04; 0.46) 0.28 (0.07; 0.51) 0.16 (0.10; 0.36) 0.976
Median difference in hemoglobin levels before and . . .
after chemotherapy 5.0 (2.0; 10.0) 8.5 (4.0; 15.0) 4.0 (3.5; 11.0) 0.296

Note: *Kruskal-Wallis test

Table 6 - Direction of changes in blood parameters by month against the background of erythropoietin intake (n=133)

Indicator Month 1 Month 2 Month 3
Erythrocytes
Decrease 34 (25.6%) 23 (17.3%) 18 (13.5%)
No changes 4 (3.0%) 2 (1.5%) 4 (3.0%)
Increase 90 (67.7 %) 97 (72.9%) 87 (65.4%)
No data 5 (3.8%) 11 (8.3%) 24 (18.0%)
Hemoglobin
Decrease 21 (15.8%) 13 (9.8%) 14 (10.5%)
No changes 3(2.3%) 5 (3.8%) 1(0.8%)
Increase 104 (78.2%) 104 (78.2%) 94 (70.7%)
No data 5 (3.8%) 11 (8.3%) 24 (18.0%)

During the study, no serious or serious events or
deaths were recorded in patients, confirming the good
tolerability of erythropoietin.

Discussion: The results of our study confirm the high
efficiency and safety of erythropoietin in the correction

of anemia in cancer patients receiving chemotherapy.
Positive dynamics of hemoglobin levels in 78.2% and
erythrocytes in 65.4% of patients indicate a significant
effect of the drug on improving hematological param-
eters.
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Anemia associated with cancer and its treatment
is a serious problem affecting the quality of life of pa-
tients and the effectiveness of antitumor therapy [5]. As
shown by the results of our study, the hemoglobin lev-
el increased by 0.6 g/L (p<0.001) during the first month
and by 0.4 g/L (p<0.001) in the second month, which
confirms the relevance of using erythropoietin as a
means for correcting anemia.

Using erythropoietin in clinical practice can signifi-
cantly reduce the need for blood transfusions [6], which
is especially important in resource-limited settings and
the increasing number of patients with anemia. Reduc-
ing the frequency of red blood cell transfusions helps
to reduce the risks associated with this procedure, such
as complications and transmission of infections through
donor blood components. No serious adverse events
were reported in our study, which underlines the safety
profile of erythropoietin.

Our study data are consistent with the results of oth-
er clinical trials that have reported erythropoietin’s ef-
ficacy in treating anemia in cancer patients [7]. For ex-
ample, the ORHEO post-marketing study demonstrated
that 81.6% of patients responded to erythropoietin
therapy within three months, confirming its reliability
as a tool for correcting anemia [8].

Conclusion: The main objectives and purpose of
the study were achieved. The study included a planned
sample according to the protocol. Data on using eryth-
ropoietin in real clinical practice for anemia caused by
cytostatic therapy in patients with verified solid cancer
of any localization were collected and described. The
clinical and demographic characteristics of the patients
were described. The data obtained indicate a significant
predominance of women among patients with ane-
mia, which may be associated with the high incidence
of breast cancer and gynecological tumors, as well as
the peculiarities of the pathogenesis of anemia in this
group. The average age of patients (60 years) and nor-
mal body mass index in most participants indicate the
need for an individualized approach to correcting ane-
mia, taking into account age and risk factors. A high pro-
portion of patients with gastrointestinal tumors empha-
sizes the importance of timely detection and treatment
of anemia in this category of patients since absorption
disorders and blood loss can aggravate the course of
the disease.

The drug’s efficacy in patients with verified solid
cancer has been demonstrated, and positive dynamics
of RBC count and hemoglobin levels have been noted
in each of the observed periods. Considering that the
clinical course of malignant neoplasms in most cases is
accompanied by the development of anemia both as a
result of treatment (chemotherapy) and as a result of im-
paired erythropoietin response [4, 9], the above dynam-
ics of indices demonstrate excellent results of drug use.

The high frequency of erythropoietin administration
and the absence of reported adverse reactions confirm
its favorable safety profile and good tolerability in can-
cer patients with anemia. These studies demonstrate
that five or more times the drug is administered con-
tributes to a stable increase in hemoglobin levels, which
allows us to recommend this treatment regimen for ef-
fective correction of anemia in real clinical practice.
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AHJATIA

IPUTPOIIOITUHHIH XUMHOTEPAIIUSA AJIATBIH OHKOJIOI'UAJIBIK
HAYKACTAPJAFbI AHEMUAHBI TY3ETYAEI'TI TUIMALJIII'T

JL.Y. Hlasaxmemosa', /I.P. Kaitoaposa®, K.K. Cmazynosa', H.3. Toxmaxan', 2K.M. Amanxynos

'«Ka3ak 0HKONOrusA XaHe paanonorus FbinbiMu-3epTTey HCTUTYTbl» AK, Anmarbl, KazakcTaH Pecny6nmkaco;
2«C.K. AchenpanapoB atbinaarbl Kazak YnTTbik Meguuuna Yuusepcuteti» KEAK, Anmatbl, Kasakcran Pecny6nukachi

O3exkminizi: Anemus — OHKONO2UANBIK nayuenmmepoe Hcui Kez0ecemin ackKblHy, 01 6MIp Cypy CandacblHh memenoemin, iCikke
Kapcel mepanuansly muimoiniein nawapaamyst mymxin. Conuomi icikmepi 6ap nayuenmmep apaceinoa ouviy dcuiniei 40%-ea, an
xumuomepanus kesinde 54%-za Oetlin ocemeoi. IlayuenmmepOiy dicaz0aiibinbly HAWAPAAYLL XUMUOMEPANUAMEH UHOYYUDTEH2eH
Muenocynpeccuiamen 0ailiaHblcmyl, O aHeMUAHbL My3emyoi Manvl30bl MiHOemKe aliHAL0blpaosl. [opinik myzemyoiy Hezizei o0ici —
Kan my3iny scyieciniy spumpoudmst 6Cyin blHmaiaHObpamolt Ipumponodsmunoepoi Koi0amy.

Maxcamor: Xumuomepanusi anramuli OHKOIOLUAILIK NAYUEHMMeEPOe AHeMUANbL my3emyoe d3pUmponodmunniy muimoiniei mem
Kayincizoiein bazanay, HAKmMvl KIUHUKAILIK NPAKMUKAOA 2eMAMOL0SUSIbIK KOPCeMKIiumepol myzemy apKvlibl emMoe)y HOMmuiceiepin
Jrcakcapmyea 6aca Hazap ayoapy.

Adoicmepi: Byn npocnexmusmi uHmepeeHYUAIbIK eMec 3epmmeyee Kasaxcmanuviy exi KIUHUKAIBIK opmanviebinan 133 nayuenm
Kamuvicmol. Kamuicy kpumepuiinepi: scac =18 sucoln, eepugpurayusianean conuomi icix, anemusi (Hb <100 2/n) scone sncypeizinemin
xumuomepanus. 3epmmeyze 100 (75,2%) ouien srcone 33 (24,8%) ep aoam xipoi. Opmawa scac — 60 scvin (52,0-67,5). Ilpenapam 78,2%
nayuenmxe 3-men 5 pemke Oeiiin dicone 21,8% nayuenmre 1-2 pem eneizinoi. Cmamucmuranvik manoay @puoman dcone Buikokcon
Kpumepuiiiepin natoaiana omvlpbln Jeypeizinii, Mayvl30uLablK 0eneetii p<0,05.

Homuacenepi: 133 nayuenmmiy oepexmepi manoanoel. 65,4-78,2% nayuenmme cemoznobun men spumpoyummep OeHeeuiniy
orcozapuliayvl Oauxanosl. Bipinwi ocone ywinwi aunapoa cemoenodbun oeweeui 0,6 2/n-ce (p<0,001), s3pumpoyummep OeHneelli
0,2-0,3x10"/n-ee (p<0,001) apmmor. 33,1% nayuenm npenapammul bec Hcone 00an da ken pem KabOwiidaowl. Eneyni swcasbimcuvls
KyoblIbICMap mipKenzen Heok.

Kopuvimuinovr: Spumponosmun KAUHUKATbIK KOPCEMKIWmepoiy CmamucmuKaiblK mypebloan eneyii dcakcapeansii Kepcemmi, Oy
OHbIY XUMUOMEPANusl alamvlH OHKOJIOUSIbIK NAYUueHmmepoe aHeMusubl mysemyoeai muimoiniei Men Kayincizoiein pacmatiovl. byn
OMIp CYpY Canacvin apmmelpyaa Jdcone emoey Homugicenepin Jcakcapmyaa blknai emeoi.

Tyitinoi cozoep: anemus, OHKONO2UANBIK AYPYAAD, XUMUOMEPANUS, IPUMPONOIMUH, IPUMPONOI3, AHEMUAHBL NY3emy, OUOCUMUTAD,
conuomi icikmep.

AHHOTAL U

IPOEKTUBHOCTDB SPUTPOIIOTHHA B KOPPEKIIUM AHEMUH
Y OHKOJIO'MYECKHUX ITAIIMEHTOB, I[TIOJTYYAIOIINX XUMHWOTEPAIIUIO

J1.Y. Hlasaxmemosa', /I.P. Kaitoaposa®, K.K. Cmazynosa', H.3. Tokmaxan', JK.M. Amanxynoe'

1AQ «Ka3axckiii HayuHO-1CCIIe10BaTENbCKII MHCTUTYT OHKOSIOTIAM 11 pajuonoruiy, Anmarbl, Pecny6nnka Kasaxcran;
2HAO «Ka3axckmit HaumonanbHbiit MeguunHckmii Yausepcutet um. C.J. Achenansposar, Anmatsl, Pecnybnmka Kasaxcrau

Axmyansnocms: Anemus —yacmoe 0ci0dCHeHUE Y OHKOIOSULECKUX NAYUEHIN 08, KOMOPOe CHUICAeN KA4eCmE0 HCUSHU U MOdIcem
yxyowame d¢pekmusnocms npomugoonyxonesoii mepanuu. Ee uacmoma cpedu nayuenmos ¢ cONUOHLIMU HOB00OPA3Z08AHUAMU
docmueaem 40%, a 6o epemsa xumuomepanuu — 54%. Yxyowenue cocmoanus nayuenmos cesa3ano ¢ Mueiocynpeccuell, 8bi36aHHOl
Xumuomepanueti, 4mo oeaaem Koppekyuro anemuu 8axcHou saoayeil. OCHOBHBIM MeMOOOM MeOUKAMEHMOIHOU KOPPEKYUU A6Aemcsl
npuMeHeHue IPUMpPOnOIMUHO8, CIUMYAUPYIOWUX NPOIUPePaAYUIo IPUMPOUOHO20 POCIKA KPOBEMBOPEHUSL.

Ilenv uccneoosanus — oyenxa s¢hpexmusnocmu u 6€30NACHOCMU IPUMPONOIMUHA 8 KOPPEKYUU AHEMUU Y OHKOJIOSUYECKUX
nayueHmos, NoaY4aouux XuMuomepanuio, ¢ AKYeHmom Ha yayiuenue pe3yibmanos jeuenis nymem Koppekyull 2eMamoiocuieckux
noxkaszameJeu 8 peaibHOl KAUHUYECKOL NPAKMUKe.

Memoovi: B 0annom npocnekmueHoM HeuHmepeeHYuoOHHOM Uccie0osanuy yuacmeoganu 133 nayuenma u3s 08yxX KAUHUYECKUX
yenmpog Kazaxcmana. Kpumepuu exiaouenus: gospacm >18 nem, eepudpuyuposannviii conuonsiii pax, anemus (Hb<100 e/n) u
nposodumas xumuomepanus. Buibopky cocmasunu 100 — (75,2%) scenwun u 33 (24,8%) myacuunvi. Cpednuii éozpacm — 60 nem
(52,0-67,5). Illpenapam é6oounu om 3 00 5 pazy 78,2% nayuenmos u om 1 0o 2 paz —y 21,8% nayuenmos. Cmamucmuueckuii aHaiu3
nposeder ¢ uCnoab3osanuem kpumepues @puomarna u Bunkokcona, yposeus snauumocmu p<0,05.

Pezynomamut: Ilpoananusuposanst oannvie 133 nayuenmos. Y 65,4-78,2% nayuenmos nabnio0anoce ygeauueHue ypogHs
cemoenobuna u spumpoyumos. B nepsom u mpemvem mecayax ypogeHv cemoznoouna nosgvicuics Ha 0,6 o/n (p<0,001), yposenw
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spumpoyumos — na 0,2-0,3x10"%n (p<0,001). 33,1% nayuenmos noayuaru npenapam namukpamuo u 6oaee. Cepve3nvix

HedcelamesibHblX S6JeHULL He sapecucmpupoeaHo.

3akniouenue: 3pumpon09mun npoz)eMOHcmpuposafz cmamucmudecKu 3Havumoe yiyduleHue KIUHUYEeCKUX noxaa’ameﬂeﬁ,
nodm@epofcdaﬂ eco 3¢d)€KmM6HOCmb u bezonacHocmos 6 KoppeKkyuu aHemuu y OHKOJocUu4YecKUux nayuenmoes, 4mo cnoco6cm6yem

NOBbIUWMEHUIO KaAYecmed HCUSHU U YAYHUUWEHUIO pe3yYT1bmamoe le4eHUusl.

Knwueswte cnosa: anemust, onkonocuyeckue 3(160/168(1]—!1/{}1, Xumuomepanus, S3puUmponosmuHt, 3pumponos3, KOppekyusi aiemuu,

OUOCUMUNAD, COTUOHBIE ONYXOTU.
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ABSTRACT

Relevance: Ovarian cancer is one of the deadliest gynecological tumors, claiming the lives of thousands of women every year.
Late diagnosis (more than 70% of cases at stage I1I-1V) is due to the absence of specific symptoms and low screening effectiveness. A
personalized treatment approach, including the analysis of BRCA1/2 mutations and the use of PARP inhibitors, has become a significant
achievement. Detection of BRCAI/2 mutations has important prognostic value, contributing to early risk prediction and mortality
reduction. Genetic counseling for patients with hereditary predispositions allows for prevention through early diagnosis, targeted

therapy, and preventive interventions.

The study aimed to analyze a clinical case of treatment of a patient with BRCA-associated ovarian cancer with a rare form of

mutation for the possibility of personalizing the treatment.

Methods: This study presents a clinical case of a patient with advanced ovarian cancer associated with a rare BRCAI mutation.
Mutation detection was performed using sequencing, while treatment efficacy was assessed through computed tomography and

measurement of CA-125 levels.

Results: The tumor process was stabilized for more than three years. Comprehensive treatment (diagnostic laparoscopy,
chemotherapy, surgery, targeted and supportive therapy) stabilized the tumor process. Genetic testing has made it possible to adapt
therapy, improving the prognosis. The next of kin were tested for prevention.

Conclusion: A personalized approach with BRCA1/2 mutation analysis and PARP inhibitors improves clinical outcomes. Advances
in molecular oncology have increased patient survival. However, problems remain: resistance to therapy, limited efficacy in patients
without BRCA mutations, and the need for further research into the mechanisms of interaction of PARP inhibitors with other drugs.

Keywords: ovarian cancer, BRCAI and BRCA2 mutations, chemotherapy, PARP inhibitors, a clinical case.

Introduction: Ovarian cancer is one of the most lethal
forms of gynecological tumors, annually taking the lives of
tens of thousands of women worldwide [1]. A characteristic
disease feature is late diagnosis, which occurs at stage llI-IV
in more than 70% of cases [2]. This is due to the absence of
specific symptoms in the early stages and the insufficient
effectiveness of screening methods. A personalized ap-
proach to treatment based on the analysis of BRCA1/2 mu-
tations and the use of PARP inhibitors has become a signif-
icant step forward in the fight against this disease.

According to GLOBOCAN 2020, approximately 313,000
new cases of ovarian cancer and 207,000 deaths are report-
ed worldwide annually [1]. In Kazakhstan, more than 1,200
new cases of ovarian cancer are registered annually, ac-
counting for 2.9% of the overall structure of oncological
diseases as of 2020. Over the past 15 years, there has been
a 21% increase in the detection of ovarian cancer [2]. Pro-
jections suggest that by 2040, the incidence will increase
by 5%, driven by population aging and growth [3]. BRCAT
and BRCA?2 are tumor suppressor genes involved in DNA
repair through homologous recombination. Their dys-
function leads to the accumulation of DNA damage and

increased genomic instability [4]. BRCA mutations are as-
sociated with heightened sensitivity to platinum-based
chemotherapy and PARP inhibitors [5]. Studies have
demonstrated that patients with BRCA mutations have
better progression-free survival (PFS) outcomes than pa-
tients without mutations. In the SOLO-1 study, 50% of pa-
tients receiving olaparib showed no disease progression
over five years [6]. Platinum-based chemotherapy remains
the cornerstone of ovarian cancer treatment. Drugs such as
carboplatin and paclitaxel are effective in the initial treat-
ment stages, but the high recurrence rate underscores the
need for maintenance therapy [7]. PARP inhibitors (olapa-
rib) have become central to maintenance therapy. These
drugs block the DNA repair system, inducing apoptosis in
tumor cells with BRCA mutations [8]. SOLO-1 Study: Olap-
arib extended median PFS to 56 months in patients with
BRCA mutations [6]. PRIMA Study: Niraparib demonstrat-
ed efficacy in BRCA-mutated and non-mutated patients,
increasing PFS by 13.8 months [9]. ARIEL-3 Study: Rucapar-
ib significantly improved PFS in patients with recurrent
disease [10]. The PAOLA-1 studies evaluated the combi-
nation of PARP inhibitors with bevacizumab, an antiangi-
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ogenic drug. In patients with BRCA mutations, the combi-
nation of olaparib and bevacizumab extended PFS to 37.2
months compared to 17.7 months in the control group [11].
Modern technologies such as next-generation sequencing
(NGS) support identifying BRCA mutations and determin-
ing the levels of genomic instability, which are critical fac-
tors in choosing therapy [12]. Prognostic markers include
homologous recombination deficiency (HRD) status and
PARP1 expression levels [13].

Objective: to analyze and describe a clinical case of
treatment of a patient with BRCA-associated ovarian can-
cer with a rare form of mutation with the possibility of per-
sonalizing therapy.

Material and Methods: This study presents a clinical
case of a patient with advanced ovarian cancer associat-
ed with a rare BRCAT mutation, receiving treatment at the
Almaty Oncology Center in Kazakhstan. To identify mu-
tations in the BRCAT and BRCA2 genes, mass parallel se-
quencing (NGS) was performed on the MiniSeq platform
(Illumina) using the AmpliSeq® BRCA Panel for lllumina re-
agent kit (Illumina, San Diego, CA, USA), which is a target-
ed panel covering all exon regions and flanking intron
sequences of the BRCAT and BRCA2 genes. Given the pa-
tient’s age and sensitivity to platinum-based therapy, a
rare BRCAT mutation was detected. The effectiveness of
treatment was monitored using computed tomography
(CT) and CA-125 tumor marker levels.

Clinical case:

Patient Information: Patient A, born in 1978 (age at diag-
nosis — 43 years), visited the Almaty Oncology Center (Al-
maty, Kazakhstan) complaining of increased weakness and
abdominal volume. It is known from the anamnesis that
the patient’s mother had endometrial cancer, and two rel-
atives had breast cancer. The patient noted a deterioration
in her health since July 2021, when the above symptoms
appeared, after which she sought medical help.

Clinical data: The functional status was assessed at 2
points on the ECOG scale during the initial examination.
A significant amount of free fluid in the abdominal cavity
was revealed among the critical symptoms.

Diagnostics: Clinical tests at the visit revealed anemia
(hemoglobin 92 g/L, erythrocytes 3.2x10°/L). No other clin-
ically significant deviations were noted. The CA-125 tumor
marker level as of 08/10/2021 was 289 U/mL. CT scanning
of the chest on 08/12/2021 found no infiltrative chang-
es. CT scan of the abdomen and pelvis on 07/20/2021 re-
vealed a soft tissue formation in the pelvis originating
from the left ovary and massive ascites.

Diagnostic laparoscopy revealed peritoneal carcinoma-
tosis affecting up to 70% of the peritoneum, a tumor con-
glomerate in the pelvis with no clear organ differentiation,
and ascites up to 6000 mL, which was evacuated. Morpho-
logical examination confirmed the diagnosis as metastat-
ic adenocarcinoma (tumor biopsy). The final diagnosis was
stage lllc ovarian cancer (T3cNxMO) with carcinomatosis of
the abdomen and pelvis and ascites.

Treatment: Given the extent of the disease, the pa-
tient’s condition, and the lack of technical feasibility for
optimal surgical intervention, it was decided to initiate
platinum-based chemotherapy. From October 14, 2021,

to February 22, 2022, the patient received six courses of
neoadjuvant chemotherapy with the following regimen:
carboplatin AUC5 and paclitaxel 175 mg/m® During anti-
tumor therapy, the patient’s condition improved signifi-
cantly. Functional status improved to 1 point on the ECOG
scale, moderate weakness persisted, and anemia resolved,
with hemoglobin levels increasing to 124 g/L.

The patient underwent chemotherapy with asthe-
nia and thrombocytosis. Control Computed tomogra-
phy of the chest, abdomen and pelvis with intravenous
contrast (03/09/2022) showed a decrease in the size of
the retroperitoneal lymph nodes and no changes in the
nodular formations along the anterior abdominal wall,
an increase in the size of the uterine body and ingui-
nal lymph nodes was recorded. Colonoscopy with bi-
opsy showed a morphological picture characteristic of
carcinoma. 01/20/2022, and positive dynamics in stabi-
lizing the level of the CA-125 tumor marker to 18 U/mL
were recorded.

On March 30, 2022, interval cytoreduction was per-
formed, including laparotomy, total hysterectomy with bi-
lateral salpingo-oophorectomy, resection of the sigmoid
colon with a side-to-side anastomosis, and omentectomy.
The postoperative period was uneventful.

According to the results of morphological examina-
tion of the postoperative material, serous cystadenocar-
cinoma of the ovary (G3) was revealed with signs of decay,
minimal signs of therapeutic pathomorphosis, germina-
tion of all layers of the colon wall and adjacent adipose
tissue. No tumor cells were found at the resection edges;
there are also no signs of a tumor in the omentum tissue
and lymph node.

On 19.04.2022, the CA-125 tumor marker level was 13.75
U/mL. From 13.04.2022 to 30.06.2022, the patient under-
went four courses of adjuvant chemotherapy with target-
ed therapy in the following regimen: carboplatin (AUC5),
paclitaxel 175 mg/m? and bevacizumab 700 mg (10 mg/kg).
The therapy was well tolerated against the concomitant
treatment.

On 29.07.2022, the CA-125 tumor marker level was
23.00 U/mL.

Control CT of the chest, abdomen and pelvis with in-
travenous contrast from 22.07.2022 revealed metastatic le-
sions of the iliac lymph nodes and lymphadenopathy of
the inguinal lymph nodes (Figure 1).

From 10.08.2022 to 26.10.2022, four courses of chemo-
therapy with targeted therapy were administered in the
following regimen: gemcitabine 1600 mg intravenously by
drip on the 1st and 8th days of the cycle and bevacizum-
ab 700 mg (10 mg/kg) intravenously by drip. The patient
tolerated the treatment satisfactorily despite concomitant
therapy.

On 10.10.2022, the CA-125 tumor marker level was
4.52 U/mL.

Control CT of the chest, abdomen and pelvis with intra-
venous contrast on 07.11.2022 confirmed the presence of
metastatic lesions of the iliac lymph nodes and lymphad-
enopathy of the inguinal lymph nodes. The comparison
with the CT of 22.07.2022 revealed no significant dynam-
ics (Figure 2).
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Figure 2 — CT of the chest, abdomen and pelvis with intravenous contrast on November 07, 2022

According to the council’s decision, from November
25,2022, to February 8, 2023, four more courses of chemo-
therapy with targeted therapy were administered in the
following regimen: gemcitabine 1600 mg intravenously
by drip on the 1st and 8th days of the cycle and Bevaci-
zumab 800 mg (10 mg/kg) intravenously by drip. On Feb-
ruary 21,2023, the patient received targeted monotherapy

with bevacizumab at a dose of 800 mg, which was admin-
istered intravenously by drip infusion. On 17.02.2023, the
CA-125 tumor marker level was 7.25 U/mL. Control CT of
the chest, abdomen and pelvis with intravenous contrast
from 03.01.2023 showed an increase in the size of the ili-
ac lymph nodes compared to the CT data from 11.07.2022,
which indicates the progression of the process (Figure 3).

Figure 3 — CT of the chest, abdomen and pelvis with intravenous contrast on January 03, 2023

According to clinical recommendations, the patient un-
derwent four courses of anti-relapse chemotherapy (PCT)
from June 16 to August 21, 2023, in carboplatin AUC5
and paclitaxel 175 mg/m? regimen. Monitoring of the tu-
mor marker CA-125 level showed a value of 24.8 U/mL
on 18.08.2023, and 31.6 U/mL on 14.09.2023. Postoper-

ative material was sent for testing for mutations in the
BRCA gene. In a heterozygous state, a pathogenic variant
was detected in the BRCAT gene NM_007294.4 (BRCAT);
c181T>G (p.Cys61GLY). Given this genetic change and plat-
inum-sensitive relapse of serous epithelial ovarian can-
cer, since November 2023, the patient has been receiving
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maintenance therapy with the PARP inhibitor olaparib at a
dosage of 600 mg per day (2 capsules 2 times a day). The
drug was provided as part of charitable assistance by “Ka-
zakhstan Khalkyn” Public Fund. During olaparib therapy,
the patient experienced side effects such as nausea and
episodes of diarrhea that occurred during the first month
of treatment. These adverse events did not require dose
adjustment or drug discontinuation.

A control CT scan with intravenous contrast performed
on 06.12.2023 showed a picture of metastatic lesions of the
iliac lymph nodes and lymphadenopathy of the inguinal

lymph nodes. Compared with the CT results of 06.09.2023,
an increase in the size of the iliac lymph nodes was ob-
served. The CA-125 tumor marker level was 30.28 U/mL
on 28.12.2023, 34.95 U/mL on 17.01.2024, and 37.15 U/mL
on 12.02.2024. CT with intravenous contrast of 04.03.2024
showed a further increase in the size of the iliac lymph
nodes, with stable sizes of the inguinal lymph nodes. Hy-
perplasia of the retroperitoneal lymph nodes (suspected
metastasis) and an increase in the size of the para-aortic
lymph nodes (suspected metastasis) were also detected
compared to the CT of 06.12.2023 (Figure 4).

Figure 4 — CT of the chest, abdomen and pelvis with intravenous contrast on March 04, 2024

The CA-125 tumor marker level amounted to
41.0 U/mL on 11.03.2024 and 40.3 U/mL on 10.04.2024.
Taking into account the progression of the disease,
the patient received eight courses of targeted thera-
py from 13.05.2024 to 30.10.2024: bevacizumab 900 mg
(10 mg/kg) and olaparib 600 mg (2 capsules 2 times
a day) on an outpatient basis. The drugs were pro-
vided as part of charitable assistance by “Kazakhstan
Khalkyna” Public Fund. The patient tolerated the ther-

apy satisfactorily, with accompanying supportive treat-
ment. The patient continues outpatient therapy, re-
ceiving Lynparza (olaparib) 600 mg, 2 drops, 2 times
a day.

Control CT with intravenous contrast from September
23, 2024, showed mts-lesion of the iliac and para-aortic
lymph nodes and lymphadenopathy of the inguinal lymph
nodes; a stabilization of the process was noted in compar-
ison with the CT of 04.06.2024 (Figure 5).

Figure 5 — CT of the chest, abdomen and pelvis with intravenous contrast on September 23, 2024

Results: The comprehensive treatment strategy, in-
cluding diagnostic laparoscopy, neoadjuvant and ad-
juvant chemotherapy, surgery, and supportive therapy
with PARP inhibitors, has allowed for the stabilization of
the tumor process for more than three years.This strate-
gy contributed to tumor stabilization and improved over-
all clinical outcomes. Genetic testing played a key role
in treatment planning, enabling therapy to be tailored

to the patient’s molecular profile. The identification of
a rare BRCAT mutation (NM_007294.4 (BRCAT); c.181T>G
(p.Cys61Gly)) in a heterozygous state confirmed sensitiv-
ity to platinum-based chemotherapy and PARP inhibi-
tors, which significantly prolonged disease control. CA-
125 tumor marker levels were monitored throughout
treatment and correlated with disease progression and
therapeutic response. Initially, tumor regression and bio-
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chemical remission were achieved; however, subsequent
imaging detected metastatic involvement of the iliac and
para-aortic lymph nodes, requiring therapy adjustments.
The patient continues maintenance treatment with olap-
arib in combination with bevacizumab, demonstrating
disease stabilization with no evidence of new metastat-
ic lesions. Despite periods of disease progression, the

personalized treatment strategy has extended progres-
sion-free survival and improved the patient’s quality of
life. This case underscores the importance of individual-
ized therapy in BRCA-associated ovarian cancer and high-
lights the need for further research into resistance mech-
anisms and the optimization of combination treatment
approaches (Table 1).

Table 1 - Timeline of the presented clinical case of ovarian cancer with BRCAT mutation

Year Key Event
Symptom onset (July 2021)
CA-125: 289 U/mL (August 2021)

2021 Chest CT: no changes (August 2021)
Abdominal and pelvic CT: tumor in the left ovary, massive ascites (July 2021)
Diagnostic laparoscopy, biopsy: peritoneal carcinomatosis (70% of peritoneum), tumor conglomerate, ascites (6000 mL)
(August 2021)

2021-2022 | Neoadjuvant chemotherapy (Carboplatin AUC5 + Paclitaxel 175 mg/m?) (October 2021 — February 2022)

CT: lymph node reduction (March 2022)
Interval cytoreduction: laparotomy, total hysterectomy, bilateral salpingo-oophorectomy, sigmoid colon resection,
omentectomy (March 2022)
CA-125: 13.75 U/mL (April 2022)

2022 Adjuvant chemotherapy + Bevacizumab (April-June 2022)
Lymph node metastases (CT, July 2022)
Chemotherapy + Bevacizumab (Gemcitabine) (August-October 2022)
CA-125: 4.52 U/mL (October 2022)
Continuation of chemotherapy + Bevacizumab (November 2022 - February 2023)
Bevacizumab monotherapy (February 2023)
BRCA1 mutation detected (Sequencing, September 2023)

2023 Anti-relapse chemotherapy (Carboplatin + Paclitaxel) (June-August 2023)
Olaparib maintenance therapy (November 2023)
CT: progressive lymphadenopathy (December 2023)
CT: disease progression (March 2024)

2024 Targeted therapy (Bevacizumab + olaparib) (May-October 2024 )
CT: disease stabilization (September 2024)
The patient continues maintenance therapy with olaparib and bevacizumab

Discussion: Long-term disease control in a patient with
advanced ovarian cancer over three years highlights the ef-
fectiveness of a personalized approach based on detecting
a germline BRCAT mutation. The comprehensive treatment
strategy, including diagnostic laparoscopy, neoadjuvant and
adjuvant chemotherapy, surgery, and maintenance therapy
with a PARP inhibitor, contributed to tumor stabilization.

Identifying a germline BRCAT mutation allowed for a
tailored therapeutic approach, optimizing treatment out-
comes. This case underscores the significance of molec-
ular genetic testing in selecting individualized treatment
regimens, thereby enhancing the patient’s prognosis. The
patient’s immediate relatives also underwent BRCAT mu-
tation testing for preventive purposes. They were advised
to undergo regular medical examinations for early cancer
detection and risk reduction if the mutation was detected.

These findings emphasize the value of a personalized
approach and highlight the need for further research into
genetic factors as essential tools for developing preventive
and therapeutic strategies in oncology.

Conclusions: Integrating BRCAT/2 mutation analysis
and PARP inhibitor therapy significantly improves clini-
cal outcomes in ovarian cancer management. Advances
in molecular biology and clinical oncology have increased
survival rates in BRCA-associated ovarian cancer. Further-
more, the introduction of combination therapies, such as

PARP inhibitors with antiangiogenic agents, has expanded
treatment options.

However, challenges remain, including therapy resist-
ance, limited efficacy in non-BRCA-mutated patients, and
the need for further investigation into PARP inhibitor inter-
actions with other therapeutic agents. Addressing these
issues requires additional studies to optimize clinical prac-
tice and improve patient outcomes.
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AHJATIIA

BRCA-BAMJIAHBICTBI AHAJIBIK BE3 KATEPJII ICITI: )KEKE EMJIEY TOXKIPUBECI.
KJUHUKAJBIK KAFIAN

A.E. Auoapoe'?, C.JK. Xainoapos®, /I.P. Kaiioaposa*, P.O. Bonamaoexosa®, /I.E. Aiioapos’,
K.M. Amankynoé®, M.I. Opazzanuesa®, C.O. Ocuxoaesa®

I«Ka3akcraH-Peceit meguunHanbik yHusepcuteti» MEBEM, Anmarbl, Kazakctan Pecny6aukace;
Z«Anmarbl oHKonOrMANbIK opTanbiFbi» LMK KMK, Anmatbi, KazakcTan Pecny6nukach;
3[leHcaynblk caKTay £blbIMin OpTanbifbl, LGHbUXIHB yHuBepcuTeTi, LLHbUMX3HD, KbiTait Xanblk Pecny6amnkach;
4«CK. AcheHanapos atbiaarbl Kasak ynTTblK MeauuuHa yuusepcuteri» KEAK, Anmarbl, KasakctaH Pecnybankace;
SA0 «Ka3ak OHKONIOTUA XaHe PaZInoNOrs FbiibIMu-3epTTey UHCTUTYThi» AK, Anmatbl, Ka3akcTaw Pecny6nukachl

Ozexminizi: Ananvix 6e3 Kamepii iciei-dHcoli caliblh MblHOA2aH 9lien0epoily OMIPIH KUAmblH el Kayinmi 2uHeKOI02UANbIK iCIKmepoin
0ipi. Kew ouaenos (III-1V camwvioazel ocazoatinapoviy 70% - dan acmamvl) Haxmel Oencinepoiy OOIMAYbIHA JCOHE CKPUHUHSTNIH
memen muimoinicine oatinanvicmol. Emoeyee swcexenendipineen mocina, conviy iwinoe BRCAL/2 mymayusacein manoay scone PARP
UHUOUMOPIAPLIH KOIOAHY MaHbL30blL dcemicmix 6010vl. BRCA1/2 mymayusnapvin anvlkmay moyekeaoi epme 0014cayaa sHeone onimol
asaumyaa biIKna ememin Manvl30bl 60AHCAMObIK MoHee ue. TyKvlm Kyanatimuvln 6edimoiniei 6ap HayKacmapaa 2eHemuKaibliK KeHec oepy
epme OUAeHOCMUKA, MAKCAMMbL MEPANUL HCOHE ANObIH ALy WAPAIAPbl APKLLIbL ANObIH aly2a MYMKIHOIK 6epeoi.

Makcambl — mepanusimbl dceKeneHOipy MyMKIHOIel dcone mymayusinobly cupek mypi 6ap BRCA-men 6atinanvicmol ananvik 6e3
Kamepai iciei Oap HayKacmel emoeyOiy KAUHUKANBIK Hca20atiblH MAaioay Heone Cunammay.

AQoicmepi: byn sepmmeyoe cupex kezdecemin BRCAI mymayusceimen baiinianvicmol ananvlk 6e30iy kamepii iciel 6ap HayKacmviy
KAUHUKATBIK dHca20aiivl kenmipineen. Mymayuanaposl anblKmay pemmilik apKblivl oCypei3inoi dxcone emoeyodiy muimoiniei KT scone
CA-125 oeneeiiin onuey apkwlivl 6a2a1aHObL.

Homuocenepi: Icik npoyeci yw oacwlioarn acmam mypakmanowipuliovl. Kewenoi emoey (OuacHocmukanvlk 1anapockonus,
XUMUOMEPANUSL, XUPYP2US, MAKCAMMbL HCOHE KOIOAY MEPANUACYL) iCIK NPOYeCiH mypakmanouipobl. I eHemuKaivlk mecminey 6oaicamobl
Jrcakcapmy apKwlivl mepanusinel detiimoeyee MyMKinOix 6epoi. AnOvin any yuin JcaKbii myblcmapelina mecminey Jicypeizinoi.

Kopvimuvinovi: BRCAI/2 mymayusacein owcone PARP  uneubumopnapvin manoaymen diaceKeneHoipiieen Mocil  KIUHUKATILIK
Homudicenepdi dcakcapmaobvl. Monekynanvix onkonoeuaddebl dHcemicmikmep nayueHmmepoiy emip cypyin apmmuiposl. Anaiioa,
Kemuwiinikmep o6ap: mepanusiea moe3imoinik, BRCA mymayuscul scox Haykacmapoa muimoiniei wekmeyni, PARP uneubumopnapuvinviy
backa npenapammapmen 03apa dpekemmecy Mexanusmoepin 00an opi sepmmey Kaxcemminizi.

Tyiiin co3oep: ananvix 6e3 kamepai iciei, BRCAI oswcen BRCA2 mymayuscol, xumuomepanus, PARP unzubumopnapbel, K1uHUKaIblx
Jicazoail.

AHHOTADUA

BRCA-ACCOHHHPOBAHHI)IFI PAK ANYHUKOB:
OIBIT NEPCOHAJIM3UPOBAHHOI'O JIEYEHUW 4.
KANHNUYECKHUHU CJIYUAU
A.E. Aiwoapoe'?, C.2K. Xanoapos®, /I.P. Kaiioaposa*, P.O. Bonamaoexosa®, /I.E. Atioapos’,
K.M. Amankynoe®, M.I. Opaszzanuesa®, C.0. Ocukbaesa’

THYO «KazaxcTaHcKuii-Poccuitckiii Me JULMHCKIG yHUBEpCUTET», Anmarbl, Pecnybiuka Kazaxcraw;
2KIT1 Ha NXB «AnIMaTUHCKIIi OHKONOTMYECKMY LieHTPy, AiMaTbl, Pecny6nnka Kasaxcran;
3HayuHblit LieHTp 3apaBooXpaHeHIa, LdHbUXIHbCKNI yHuBepcuTeT, LsHbux3Hb, Kutaiickas HapoaHas Pecny6nuka;
4HAO «Ka3axckuii HaLmoHanbHbIA MeauuuHcKkIi yHusepcutet umenn C.J1. Achenanaposa, Anmarbi, Pecny6nuka Kasaxcraw;
SA0 «Ka3axcKmii HayyHO-MCCNEA0BATENbCKUI UHCTUTYT OHKONOTUN 1 PaANonoriy, Anmarsl, Pecny6nuka Kazaxcrax

AKkmyanvnocmb: Pak SuuHukos — 00Ha U3 camvlx CMEPMOHOCHBIX 2UHEKOL02ULECKUX ONYXOACH, eHCe200HO YHOCAUAS HCUSHU IMBICIY
orcenugun. Tlo30uss ouaenocmuxa (6onee 70% cayuaes na IlI-1V cmaouu) obycrnosnena omcymemeuem cneyuuueckux CuMnmomos
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U HU3KOU 3PPEeKMUEHOCIbIO CKPUHUHA. SHAYUMETbHOIM O0CMUNCEHUEeM CMAL UHOUBUOYATbHBIL NOOX00 K JIeUeHUr, 8KII04auull
ananuz mymayuil BRCA1/2 u ucnonvzosanue uneubumopos PARP.

Buisisnenue mymayuii BRCA1/2 umeem sasicnoe npocHocmuueckoe 3Hauerue, cnocoocmeysi panHeMy NPOSHOUPOSAHUIO PUCKA U
cHudicenuio cmepmuocmu. I enemuueckoe KOHCYIbMupoGanue nayuenmos ¢ Hacae0CmeeHHol npedpacnonodicenHoCmypio no38oiaen
nposooUmb NPOPUIAKMUKY ¢ NOMOUBIO PAHHEL OUASHOCMUKY, MAP2eMHOT Mepanui u nPOPUIAKMULECKUX 6MEUAMETbCME.

ILlenv uccnedosanus — npoananu3uposams U ONUCAMb KAuHuUYecKull cayyai aevenus nayuenmxu ¢ BRCA-accoyuuposanmvim
PAKOM AUYHUKOS ¢ PEOKOU (POPMOTL MYyMAyuu ¢ 803MOANCHOCMbIO NEPCOHATUAYUU MEPANUU.

Memoowi: B Oannom uccrnedoganuu npeocmagien KAUHUYECKUN CAY4all NAYUEHMKU ¢ PpACIPOCMPAHEHHbIM PAKOM AUYHUKOS,
accoyuuposannvim ¢ peoxou mymayueti BRCAI. Bvisgnenue mymayuil npogoousocs ¢ NOMOWbI0 CEK8EHUPOBAHUSA, A IPPeKMUBHOCb
JIeYEHUS OYEHUBALACH C NOMOWbIO KOMNbIOMEPHOU momocpaguu u usmeperus yposus CA-125.

Pezynemamur: Onyxonesguiii npoyecc 6vi1 cmabuausuposar 6onee yem Ha mpu 2ooa. Komnnexcrnoe nevenue (Ouacnocmuueckas
AANApoOCKONUs, XuUMUOMEPANUs, Xupypeuieckoe eMeulamenbCcmeo, mapeemuas u no00epiucusaiowds mepanus) cmaduIu3uposanlo
onyxonesviii npoyecc. Ienemuyeckoe mecmuposanue nO360AUI0 AOANMUPOSATNL MePanuio, Yiyuuue npocnos. baudcaiiwue
POOCMEEHHUKY NPOWLTU NPOPUIAKMUYECKoe 06CIe)08aHIUe.

3akniouenue: Hnousuoyanvhviii nooxoo ¢ ucnoivzosaumuem auvanuza mymayuii BRCAI/2 u uneubumopos PARP ynyuwaem
KAuHu4eckue pesyiomamol. JJocmudicenus ¢ o61acmu MONeKyIapHoll OHKOI02UU NO3GOIUNU YEETULUNMb GbIICUBACMOCTNE NAYUCHINOE.
Oonako npobremvl 0CMAIOMes: Pe3UCMEHMHOCMb K mepanuu, 02paHudennas sggexmusnocms y nayuenmos dez mymayuii BRCA
U HeobX00UMOCMb OANbHEUWUX UCCIe008AHUL MEXAHUZMO8 83aumoleticmseus uneubumopos PARP ¢ Opyzumu jexapcmeeHHbIMU
cpedcmeamu.

Knioueswvie cnosa: pax auunuxos, mymayuu BRCAI u BRCA2, xumuomepanus, uneubumopst PARP, kaunuueckuii ciyuail.
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ABSTRACT

Relevance: Palliative care aims to improve patient care by correctly diagnosing and effectively treating pain and other severe
symptoms that worsen the patient’s condition. It also includes educating relatives about care and providing psychological and social
support to the patient and his/her family.

The purpose was to study the role of a mobile team in providing comprehensive palliative care at home to a patient diagnosed with
tumor-infiltrative breast cancer with metastatic lesions.

Methods: The article presents a clinical case of a patient with tumor-infiltrative breast cancer of stage III B, complicated by
metastases to the brain and pelvic bones and bedsores of stage IlI-1V. The disease progressed despite four cycles of neoadjuvant
polychemotherapy and four cycles of targeted therapy. Special attention is paid to the work of the visiting team, which provides
comprehensive medical, psychological, and social support to the patient and his/her family at home. The main aspects of palliative care
include competent identification and effective management of pain symptoms, care and treatment of bedsores, nasogastric tube feeding,
and interaction with family members to reduce emotional stress.

Results: Treatment of stage III-IV bedsores gave positive dynamics in the form of transition to the granulation phase after 1.5
months of conservative therapy. Modern wound treatment methods, including antiseptic solutions and antibiotic ointments, helped
reduce infectious complications and improve the patient’s condition. The work of the mobile team highlighted the importance of an

individualized approach that includes both medical and social support within palliative care.
Conclusions: Mobile teams providing palliative care at home to severe terminal cancer patients improve their quality of life and

satisfaction with the care provided.

Keywords: breast cancer, tumor-infiltrative form, palliative care, mobile team, bedsores treatment, metastases, quality of life.

Introduction: Treatment of patients with metastat-
ic forms of breast cancer at a late stage is a complex task
in modern oncology and requires a comprehensive ap-
proach, including palliative care. This approach is based
on early diagnosis and personalized treatment to improve
the quality of life and reduce the symptom burden [1, 2].

The tumor-infiltrative form of breast cancer accom-
panied by metastatic bone and brain involvement is
characterized by rapid progression and severe course,
as in the presented case. In cases of significant deteri-
oration of the patient’s condition, neoadjuvant poly-
chemotherapy (NAPCT), targeted therapy (TT), and pal-
liative radiotherapy are becoming the standard of care
for such forms despite limited resources and high com-
plication rates [3, 4].

Stage Il B breast cancer is complicated by brain and
pelvic metastases and degree IlI-1V skin ulcers. This em-
phasizes the importance of a timely multidisciplinary
approach, including the involvement of a mobile pallia-
tive care team that provides medical care and psychoso-
cial support to the family [5, 6].

The study aimed to investigate the role of a mobile
team providing comprehensive palliative care at home
to a patient diagnosed with tumor-infiltrative breast
cancer with metastatic lesions.

Materials and methods: This article presents a clini-
cal case of a patient diagnosed with stage Ill B infiltrative
breast cancer complicated by metastases to the brain and
pelvis and the development of degree IlI-IV skin ulcers.

Clinical case:

Patient information: Patient K., 76 years old. Clinical di-
agnosis: Cancer of the left breast, stage IlIB (T4ANTMO). Type
| - infiltrative. Status after 4 cycles of NAFT treatment. Ac-
celerated process with brain and pelvic bone involvement
with multiple metastases. Status after 4 cycles of NACHT
treatment. Right-sided hemiparesis. Skin ulcer of the oc-
cipital region, stage Ill-1V, dry necrosis phase. Additional
diagnosis: Arterial hypertension stage 3, risk 4. Coronary
heart disease, FC 3. Severe tension angina pectoris. Stage |
of chronic heart failure (CHF).

Medical History: The patient has been ill since Spring
2023. Applied to the local polyclinic with complaints of
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a thickening in the left breast. 08.06.2023 A targeted ul-
trasound examination of the left breast at the border of
quadrants revealed an irregularly shaped, inhomogene-
ous structure with a hypoechogenic area of 16x10 mm
in size. Conclusion: Dense mass in the left breast (B3-4).

Diagnostics

Histological examination result: No. 21941-42 Infil-
trative breast cancer.

IHC study result: No. 1257/23 Morphological pic-
ture and immunophenotype are consistent with infiltra-
tive breast cancer, G. Il (2+2+3). Her2/neu-positive type.
ICD-O code 8500/3.

From 25.08.2023 to 10.11.2023, the patient received 4
inpatient NAFT courses. Manifestations of asthenia and
vomiting syndrome accompanied the treatment.

20.12.2023: CT of chest/abdominal/pelvic cavity or-
gans with intravenous contrast agent: CT signs of mass
(Cr) in the left breast. Unilateral and bilateral com-
pressed nodules in both lungs and bilateral hydrotho-
rax. Negative dynamics compared to the CT data of
17.07.2023 was manifested by an increase in the mass of
the formation.

CT signs: hypodensitis of the liver (mts suspected).
Liver cysts, gallbladder obstruction. Cysts of both kid-
neys and the spleen. Fatty degeneration of the pancre-
as. Hypodense formations appeared in the liver com-
pared to the CT data of 17.07.2023. CT scan of pelvic
organs revealed involutional changes in pelvic organs.

20.12.2023: The result of the echocardiographic
study: Echocardiography on the background of arrhyth-
mia. Aortic walls are thickened. The contractility was
moderately reduced. No hypokinesia. Small calcificates
in the interventricular atrium. Moderate hypertrophy
of the left ventricle. Regurgitation in the aortic valve.
20.12.2023 Cardiologist consultation: Diagnosis: Coro-
nary heart disease. Functional class Il with increased an-
gina. SNFCII. Arterial hypertension stage 2, risk group 3.

From 04.01.2024 to 17.05.2024: received 4 courses of
NACHT treatment. Treatment regimen: Docetaxel 100 mg
intravenously, Trastuzumab 324 mg intravenously, Pertu-
zumab 420 mg intravenously on day 1 of adjuvant therapy.

26.06.2024: CT brain findings: Signs of brain metasta-
ses were found in frontal, temporal, occipital, parietal, and
cerebellar regions. Left maxillary sinus cysts, subatroph-
ic changes of brain tissue, dyscirculatory encephalopathy.

26.06.2024: CT scan of the chest organs: signs of vol-
umetric mass in the left breast (c-r). Skeletal bone lesions
with metastases. Half of the lung nodes are compacted,
lymphadenopathy of mediastinal lymph nodes. Accelera-
tion of the process with the appearance of MTS foci.

26.06.2024: CT scan of abdominal cavity organs:
signs of liver cysts, gallbladder obstruction. Cysts in the
kidneys and spleen. Fatty degeneration of the pancreas.
Metastases in the bones of the skeleton.

26.06.2024: CT scan of the pelvic organs: Bladder
wall thickening. Metastases to pelvic bones.

From 15.07.2024 to 17.07.2024: Total conformal radi-
otherapy (3DCRT) with a total focal dose of 9 Gy to the
brain areas affected by metastases under the control of
an imaging system (IGRT), with comparison of soft tis-
sue and bone structures was performed for palliative
purpose. The planned total focal dose was 30 Gy. Due to
the deterioration of the patient’s condition, the possibil-
ity of continuing radiotherapy was discontinued.

29.07.2024: By the decision of the Multidisciplinary
Team (MT) No. 9142, due to the acceleration of the pro-
cess, deterioration of the general condition, pain syn-
drome, and exacerbation of the tumor toxicity syn-
drome the patient was assigned to the IV clinical group,
and remained under the observation of the visiting
team to receive palliative care at home.

31.07.2024: Deadline for applications for assistance
to the mobile palliative care team.

Clinical data: 08.01.2024: A physician, nurse, and psy-
chologist initially assessed the patient’s condition. The
medical examination was conducted in the presence of
epy patient’s daughter. According to her daughter, the
patient complained of anxiety, which was particularly
aggravated when the patient changed her body posi-
tion. The patient’s taciturnity did not allow them to lo-
calize the painful symptoms. The patient had a noctur-
nal sleep disturbance not caused by pain. The patient’s
daughter attributed her mother’s deterioration to radia-
tion therapy and reported that her condition had wors-
ened over the past week.

On examination, the patient’s condition was ex-
tremely severe. The pain score on the PAINAD scale -
3 points.

Neurological status: Level of consciousness — deep
shock, unconscious. Meningeal symptoms were neg-
ative. Pupil OD=0S, photoreaction was lively. Nystag-
mus: none. Facial symmetry: Preserved. Right-sided
hemiparesis. Numerical cognition could not be as-
sessed. Breathing was even, spontaneous. Ausculta-
tion revealed equally diminished breath sounds on
both sides. No wheezing was heard. Heart sounds were
muffled, and tachycardia was present. Blood pressure:
90/60 mm Hg. Heart rate: 98 beats per minute. Oxy-
gen saturation: 90%. Body temperature: 36.1°C. The pa-
tient was motionless and required full assistance. The
skin was pale and dry. No shortness of breath or cough-
ing. The tongue was dry and coated with a white film.
The swallowing reflex was impaired. Feeding was via
a nasogastric tube. The second option was soft and
non-tender. No fracture was detected. Urination was
through the bladder. The stool was spontaneous and
regular. Quality of life on the Karnofsky Performance
Scale was 30%.

Local Findings: An ulcer was noted in the inguinal-oc-
cipital area, measuring 11.0x8.0 cm. Shape: round. Stage:
II-1V. Inflammatory phase with a black scab. The wound
edges were red and irregular. A foul odor and abundant
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purulent discharge were present. Swelling. Painfullness.
The wound bed was not visible.

The patient’s daughter was angry, aggressive, and
anxious. She answered questions angrily, briefly, and re-
sentfully. According to the daughter, the patient knew
the diagnosis but did not want to know the prognosis.
The daughter was not willing to accept the severity and
course of her mother’s illness. She believed that the pa-
tient would be able to stand on her feet and walk.The
patient’s husband was also present during the exami-
nation.

Explanations were provided to establish a reliable
connection. The assistance and actions of the mobile
medical team were fully explained. Medical assistance
was provided with the daughter’s consent after com-
pleting the assessment. The pain level of the non-ver-
bal patient was assessed using a special PAINAD scale.

Treatment:

Medical attention included:

1. IM administration of Analgin 50% (2.0 mL) + Ketat-
op (2.0 mL) and Dexamethasone (8 mg).

2. Bladder probe care, nasogastric tube care, and
feeding skills were taught.

3. Conservative treatment of skin ulcers: washing
with 0.05% chlorhexidine solution, 0.9% sodium chlo-
ride solution, actinosep, application of Oflomelid oint-
ment and healing dressing, wound closure, and dress-
ing securing.

4. All general and special care measures were per-
formed.

Treatment prescribed: 1. Dexamethasone 4 mg - 1.0
intramuscularly once daily No. 10.

2. For mild pain — Ketop 2.0 + Analgin 50%-2.0 intra-
muscularly No. 1.

3. For night anxiety - Dimedrol 1% - 1.0 + Analgin
50% - 2.0 intramuscularly No. 1.

4. Consult a specialist in case of no stools for more
than 3-4 days.

5. Relatives have been trained in nursing skills.

6. A functional bed, a special mattress to prevent
skin ulcers in other areas, an electric medical suction
for quality oral hygiene, and an oxygen concentrator
to provide oxygen to the body are provided to ensure
quality care.

7. A doctor visits depending on the severity of the
patient’s condition. Daily visits of a nurse or a nurse at-
tendant. Psychologists and social workers’ visits de-
pending on the need.

The severity of the patient’s condition, combined
with her daughter’s unstable psycho-emotional state,
requires daily observation and comprehensive support.
After the assistance was provided, the patient calmed
down and foll asleep. The daughter calmed down con-
siderably, though her anxiety and worry persisted.

The nurse conducted follow-up visits. The patient’s
condition remained extremely serious and required

constant medical supervision and full care. The patient’s
daughter had consistently high levels of anxiety and ir-
ritability. She constantly protested and required the
nurse to come and provide care before or after lunch,
refusing to be present in the morning. In some cases,
she completely refused care. The situation remained
complex, given the severity of the patient’s condition,
the presence of extensive, complicated grade llI-IV skin
ulcers, and her daughter’s unstable psycho-emotional
state. It required constant monitoring, comprehensive
medical care, and ongoing psychosocial support from
all caregivers.

The next visit was performed by the head of the vis-
iting team, a nurse, and a social worker (a team of wom-
en to create a comfortable environment for the rela-
tives). The daughter continued to receive extremely
negative, critical attitudes. The daughter was alone with
her mother during the examination.

Neurological status: The level of consciousness -
stupor. Meningeal symptoms — negative. Pupil OD=0S,
photoreaction was lively. Nystagmus: none. Facial sym-
metry: Preserved. Right-sided hemiparesis. Numeri-
cal cognition cannot be assessed. According to the pa-
tient’s daughter, she complained of frequent tremors in
both upper and lower extremities. No vibrations were
detected during the examination. During patient care,
increased pain was observed during body movement,
loud moaning, and restlessness. The pain was scored 4
on the PAINAD scale.

The situation was very serious. Breathing was even,
spontaneous. Auscultation revealed equally diminished
breath sounds on both sides. No wheezing was heard.
Heart sounds were muffled, and tachycardia was pres-
ent. Blood pressure: 90/60 mm Hg. Heart rate: 112 beats
per minute. Oxygen saturation: 96%. The oxygen con-
centrator was often added. Body temperature: 37.8°C.
The patient was motionless and required full assis-
tance. The skin was pale and dry. No shortness of breath
or coughing. The tongue was dry and clean. The swal-
lowing reflex was impaired. The patient was fed via
a nasogastric tube. The second option was soft and
non-tender. No fracture was detected. Urination occurs
through the bladder. The stool was spontaneous and
regular. Quality of life on the Karnofsky Performance
Scale - 30%.

Local Findings: An ulcer was noted in the ingui-
nal-occipital area, measuring 11.0x8.0 cm. Shape: round.
Stage: llI-IV. Inflammatory phase with black scales.
Wound edges are red and irregular. An unpleasant pun-
gent odor and copious purulent discharge persisted.
Swelling. Painfullness. The wound bed was not visible.

Medical assistance was provided after obtaining the
daughter’s consent and conducting a full assessment.
Medical attention provided:

1. Suppression of pain and symptoms of hyper-
thermia.
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2. Patient care. (Oral treatment, skin cleansing, wash-
ing, changing clothes and bed linen, etc.). All general
and special care measures were performed.

3. Bladder probe care, nasogastric tube care, and
feeding skills were taught.

3. Conservative treatment of skin ulcers: washing
with 0.05% chlorhexidine solution, 0.9% sodium chlo-
ride solution, actinosep, application of Oflomelid oint-
ment and healing dressing, wound closure, and dress-
ing securing.

After the rendered help, the patient calmed down,
and her body temperature was 36.2°C. the pain was
scored 0 on the PAINAD scale.

Treatment prescribed: 1. Dexamethasone 4 mg - 1.0
intramuscularly once daily No. 10.

2. Tramadol 5% - 1.0 intramuscularly every 12 hours,
regular, long term, under observation.

3. Carbamazepine 100 mg twice daily via a gastric
tube or sublingually for a long time under observation.

2. For mild pain - Ketop 2.0 + Analgin 50% - 2.0 in-
tramuscularly No. 1.

3. For night anxiety - Dimedrol 1% - 1.0 + Analgin
50% - 2.0 intramuscularly No. 1.

4, Consult a specialist if stools are absent for more
than 3-4 days.

5. Relatives have been trained in nursing skills.

6. Relatives were trained in the proper use and care
of the devices provided to improve the quality of pa-
tient care: functional bed, mattress, electric medical
suction, and oxygen concentrator.

7. The doctor’s appointment schedule depends on
the severity of the patient’s condition. Daily visits of a
nurse. Psychologists and social workers’ visits depend-
ing on the need.

During a conversation with the patient’s daugh-
ter, it became clear that the cause of her intense anxi-
ety and distress was not dissatisfaction with the med-
ical care but rather her psycho-emotional state. In the
course of the conversation, she spoke about her life,
including the difficulties she experienced due to two
failed marriages, her mother’s current critical condi-
tion, and how it had significantly affected her overall
emotional state.

She spoke of her mother’s three marriages and her
negative memories of her father. She mentioned that her
mother’s relationship with her third husband was difficult.
Her mother lived separately from her husband until her
condition deteriorated. After her mother’s condition wors-
ened, the daughter took both her mother and her hus-
band into her home. The daughter does not like her moth-
er's husband because all men remind her of her failed
family life. For this reason, she shared that she experiences
heightened anxiety when a nurse (a man) comes.

During the psychological intervention, the daughter
cried for a long time and then said she began to feel
better. She recalled that at first encounter with the mo-

bile team, she could not fully open up because they
were strangers to her, and she initially met them with
distrust. “I met you with disapproval, but after seeing
how you treat my mother, | changed my opinion and be-
gan to trust you.” “However, if possible, | would prefer
female staff to assist my mother,” she said.

Results: A nurse (woman) performed the visits for a
long time. As a result of the continuous provision of nec-
essary medical care, quality nursing, and psychological
and social support, the daughter’s psycho-emotional
state significantly improved. Pain symptoms were con-
trolled, and the patient’s condition was stable but seri-
ous. During care, the skin ulcer in the occipital region
began to heal slowly. Her daughter fully mastered car-
egiving skills.

The patient was under the care of the mobile team
for 2 months and 4 days. The daughter expressed her
gratitude for the assistance provided to her mother and
for helping her find peace and confidence.

Healing and recovery dynamics of skin ulcers with con-
servative treatment:

A skin ulcer measuring 11.0x8.0 cm in the occipital
region. The shape - round. Stage: lll-IV. Inflammatory
phase with a black scab. Wound edges are red and irreg-
ular. A foul, pungent odor and abundant purulent dis-
charge were present. Swelling. Painfullness. The wound
bed was not visible.

Considering the severity of the patient’s condition,
conservative treatment was performed: the ulcer was
treated with 0.05% chlorhexidine solution, 0.9% sodium
chloride solution, actinosep, Oflomelid ointment was
applied, the wound was sutured, and a bandage was ap-
plied. The treatment aimed to soften the necrotic hard
black crust (Figure 1a).

A localized skin ulcer with dimensions of 11.0 x 8.0
cm was detected in the occipital region. The shape was
round. Stage: llI-1V. In the inflammatory phase, the black
crust slightly decreased in size, and the wound edges
became more distinct. The first fracture was slightly
depressed. Unpleasant odor and copious purulent dis-
charge have decreased. Pain persisted. The wound bed
was not visible.

The conservative treatment was performed: the ul-
cer was washed with 0.05% chlorhexidine, 0.9% sodi-
um chloride, and actinosep. A dressing with Oflomelid
ointment was applied, the wound was sutured, and the
dressing was fixed. The treatment aimed to soften the
necrotic hard black crust (Figure 1b).

A localized skin ulcer with dimensions of 11.0 x 8.0
cm was detected in the occipital region. The shape
was round. Stage: llI-IV. In the inflammatory phase, the
number of black scales significantly decreased, and the
wound edges became clearer and more defined. The
first fracture had healed. No unpleasant odor or puru-
lent discharge was detected. The pain subsided. The
wound bed was not yet fully visible.
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Figure 1 — Healing and recovery dynamics of skin ulcers with conservative treatment

*Spring 2023
1 *Diagnostics

+25.08.2023-10.11.2023

2 *Special treatment
+26.06.2024
3 *Disease progression. Development of metastases

*15.07.2024-17.07.2024

4 « Palliative radiation therapy

*01.08.2024

eInclusion of a mobile palliative care team. Comprehensive care.
5 Beginning of ulcer treatment

+01.08.2024-05.10.2024
6 *Follow-up by the mobile team

Figure 2 — Timeline of palliative care for a patient with metastatic
breast cancer
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Conservative treatment was performed: the ulcer was
cleansed with a 10% betadine solution, necrotic black
crusts were mechanically excised, and purulent cavities
were opened. Baneocin ointment was applied, a healing
dressing was placed over the wound, and the dressing was
secured. The treatment aimed to soften and excise the ne-
crotic hard black crust (Fig. 1c).

Locally, a skin ulcer measuring 10.0 X 7.0 cm in the oc-
cipital region was identified, which had progressed to the
granulation phase. The shape was round. Stage: lll-IV. The
black crust has completely disappeared. No fractures are
observed. The unpleasant odor and purulent discharge
have completely resolved. No signs of pain are detected.
No nook was present. The wound bed was fully visible. The
wound edges are smooth, and granulation tissue forma-
tion is observed.

Conservative treatment was performed: the ulcer was
cleansed with a 10% betadine solution, necrotic black
crusts were mechanically excised, and purulent cavities
were opened. Baneocin ointment was applied, a healing
dressing was placed over the wound, and the dressing was
secured. The treatment aimed to soften and excise the ne-
crotic hard black crust (Fig. 1c).

Locally, a skin ulcer measuring 10.0 X 7.0 cm in the occipi-
tal region was identified, which had progressed to the gran-
ulation phase. The shape is round. Stage: lll-IV. The black
crust has completely disappeared. No fractures are ob-
served. The unpleasant odor and purulent discharge have
completely resolved. No signs of pain are detected. No nook
is present. The wound bed is fully visible. The wound edges
are smooth, and granulation tissue formation is observed.

Conservative treatment was provided: the ulcer was
cleansed with a 0.9% sodium chloride solution and Octen-
isept. Foreign bodies and plaque were mechanically re-
moved. A therapeutic dressing with methyluracil ointment
was applied, the wound was sutured, and the dressing was
secured. The treatment aimed to accelerate wound heal-
ing and recovery (Fig. 1d).

The timeline of the clinical case is presented in Figure 2.

Discussion: This clinical case of a patient with tumor-in-
filtrative breast cancer at stage Ill Billustrates the challeng-
es associated with treating late-stage metastatic tum-
ors. Disease progression, accompanied by metastases to
the brain and pelvis and the development of degree IlI-IV
skin ulcers, highlights the need for an interdisciplinary ap-
proach to optimize patient care and improve quality of life.

The tumor-infiltrative type of breast cancer is character-
ized by aggressive progression and a poor prognosis. Early
diagnostics and targeted therapy based on HER2-positive
status, as in this case, can slow disease progression and im-
prove overall prognosis [7].

Treatment regimens containing docetaxel, trastu-
zumab, and pertuzumab are standard for HER2-positive
breast cancer, although limited data suggest that their
effectiveness diminishes in the very late stages of the dis-
ease [8, 9].

Particular attention was paid to treating degree Ill-
IV skin ulcers that significantly deteriorate the patient’s
quality of life and increase the risk of infectious compli-
cations. Conservative treatment with ointments based
on antibiotics and anti-inflammatory components, such
as Oflomelid, has proven effective in reducing inflamma-
tion and softening necrotic hard crusts. The transition of
the wound into the granulation phase after 1.5 months of
treatment confirms the effectiveness of the chosen ap-
proach [10].

The work of the mobile palliative care team is a
key component of care for terminal cancer patients at
home. In this case, the cooperation of the physician,
nurse, psychologist, and social worker not only provid-
ed the patient with the necessary care but also helped
stabilize the emotional state of the patient’s family
members, which directly affects patient satisfaction
with care outcomes and quality of life [11]. Effective
communication between team members and patients’
relatives helps reduce stress and aggression, which is
especially important in families with a tense psycho-
logical environment [12, 13].

The mobile team’s specialists also played an essential
role in training the patient’s relatives in caregiving skills.
Step-by-step instruction, support, and regular monitor-
ing ensured the correct implementation of all necessary
procedures, including skin ulcer treatment care for the
nasogastric tube and urinary catheter, contributing to a
significant improvement in the condition of the skin ul-
cers and a reduction in complications. This emphasizes
the importance of medical intervention and social sup-
port as part of palliative care [14, 15].

Conclusion: This case demonstrates that an interdis-
ciplinary approach can achieve optimal outcomes even
in complex clinical situations. The involvement of a team
of specialists, modern care protocols, and attention to
the emotional needs of the patient and their family are
essential to successful palliative care. Skin ulcer healing is
along-term process. Unfortunately, terminally ill patients
often do not live to see the complete resolution of the
ulcerative condition. However, the outcomes of the care
provided can significantly improve the patient’s quality
of life.
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AHJIATIIA

METACTA3/IbI 3AKBIMJIAJTYMEH CYT BE3I KATEPJII ICITT IMATHO3bIMEH
HAYKACKA MOBHJIbJII TOITBIH Y1 )KAFJANBIHJIA MAJJIMATABTI KOMETI:
KJUHU-KJIBIK JKAFJAU

T.H. Aucaméaesa'?, /I.P. Kanoaposa', I ’K. Kynuposa®

1«C. XK. Acheramuapos atbiHaarbl Kasak ynbik MeauumHa yHusepcuteti» KEAK, Anmarbl, Kasakcrax Pecny6amnkach;
2llencaynbik CakTay backapmacsi LXK «Anmatbl oHKonorua opTanbiFbly, Anmarsl, Kasakcrad Pecny6avkacs;
3Kaakhstan 3«Ka3akcTaH nannmarisTik xapaem KoramaacTbirbl» 3T6, Anmartbl, Kasakctan Pecny6ankace

Oszexminizi: Ilarnuamuemi KomMekmiy MaKcamvl aAyblPCbIHY HCOHE HAYKAC H#CaA20alblH HAWAPIAMAamvlH 0acka 0a KIUHUKAIbIK
benzinepdi cayammul OUAZHOCMUKANAN MUIMOI eMOey, HayKac KymiMi Jcone myblCmapblia Kymim 0aeobliapli Yupemy, HayKac HeoHe

0mMoOACHIHA NCUXONOSUATBIK, dNeYMemMMIK Konoay.

3epmmey markcamuvl — MemAacmamuKraivlk 3aKbIMOanysl dap-icikmi-ungurvmpamusmi cym 0e3i 00bipbl OUACHO3bI KOLUbLI2aH
HayKacka yii a#a20aiblhod Keuienoi Naiiuamusmix Komex Kepcememin Moounrb0i monmuly ponin 3epmmey.
AQoicmepi: Maxanaoa 6ac mublHbly, dHcambac cyueKmepiniy Memacmazoapmet 3aKimoanyul scone II-1V dopesiceni mepiniy otibik

Jlcapaceinbly damyvimen ackvinzan I B camwvioazvl cym Oes3i kamepni icikmi-uH@uiompamuemi mypi OUaeHO3bIMEH HAYKACHbIH
KIUHUKANBIK  Jica20alibl KeamipineeH. 4 Yuki HeoaovlogaHmmul ROIUXUMUomepanus dcone 4 yuki mapeemmi mepanusnbly
acypeisineenine kapamacman, ypoicmiy yoeyi. Hayxac scone onviy omoacwina yi s#caz0ativblHoa naiiuamuemi keueHoi MeOuyuHaivly
JHCOHE NCUXONOUANLIK, ONEYMEMMIK KON0ay KopcemkeHn MOOUNbOI MON JCYMbICbIHA epeKuie Hazap ayoapviiaosl. llannuamuemi
KemeKxmiy Heeiel acnexminepi ayvlpcoiny Oenieinepin cayammul OUaeHOCMUKAIan, Homuoiceii emoey.Tecex olblK JHeapacvlibly Kymimi,
emi, Haz0eacmpanbobl MymiK apKblibl MAMAKMAHYObl, COHOAN-AK IMOYUOHANOb! WUelenicmi a3aimy ywin myblcmapbimMen 03apa
opekemmecyoi Kammuviobl.

Homuocenepi: I11-1V 0opediceni mepiniy oublK dcapacvln emoey Homuoicesepi oy OUHAMUKAHbl Kopcemmi, dcapanviy 1,5 ailea
CO3bLI2AH KOHCEPB8AMUBIMI eMHeH Kellin epanyiayus gasacvina aysicysl. Kapanapovl emoeyoiy 3amanayu s0icmepin, convly iwinoe
AHMUCENMUKATbIK epimindiiep MeH aHMUOUOMUKANbIK MAUIAPObl KOIOAHY UHDEKYUATBIK ACKbIHYAapObl A3aUmyead HCoHe HAYKACTbIY
aHcaz0alivii HeaKcapmyada MymKiHOik 6epoi. Mobunb0i monmoliy HcyMbiCol NAIIUANUBMIK KOMEK uWeHbepiHoe MeOUYUHAbIK 2aHd eMec,
oneymemmik Koa0ayovl 0a KAMMUMblH HceKe KO3KAPACHblY MAKbL30bLIbI2bIH AMAN ONmi.
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Kopoimuinowi: Maxana oHKo1I02USIGIK aYPYOblH MEPMUHATLObL CAMBICHIHOA2bL AYbIP HAYKACMAP2d Yl Jca20ailblHOa NALIUAMUEMI
KoMeKk Oepy MoOunbOi MoOGLIHGbIY Kbl3Meni HAyKacmapouly OMIp CYpy CANnACbiH JICAKCAPMA OMbIPbIN, KOPCEMIiNeeH KOMEKKe
KaHa2ammanyubliblebiH apmmulpyed bIKnail ememinoicin aman kepcemeoi.

Tyuinoi ce3oep: cym 6esi kamepnai iciel, iCikmi-uHguibmpamuemi mypi, NAIIUAMUemMiK KoMeK, MoOUIbOi mon, mepiHiy OublK
Jlcapanapein emoey, Memacmazoap, OMip cypy candacol.

AHHOTAIIUA

MAJUIHATABHA 51 TIOMOIIb MOBAJIBHOM BPUTAJBI TAIIMEHTY
C METACTATUYECKHMM PAKOM MOJIOYHOM KEJIE3bI:
KIMHUYECKHUU CIOYYAU

T.H. Aucamobaesa'?, /1.P. Kanoaposa', I ’K. Kynuposa®

'HAO «Ka3axckuii HaunoHanbHbIi MesuUnHCKIi yHuBepcuTeT umenn C.J. AcheHanaposay, Anmarsl, Pecny6nmka Kasaxcran;
2KITI MXB «AnMaTUHCKIiA OHKOSIOTYeCKMii Aucnancepy, Anmarbl, Pecny6nuka Kasaxcran;
30101 «Ka3axcTaHckoas accoumuALys nanMaTUBHOI nomoLLiy, Anmarbl, Pecny6nuka Kasaxcrau

Axmyansnocmes: [lenv nariuamugHol nOMOwWU — epAMOMHAs OUACHOCIMUKA U dPhexmusnoe aeyenue 60au u Opy2ux msxHceablx
CUMPIOMO8, YXYOUAIOWUX COCMOsHUE NAYUEHMA, YX00 3d DOIbHBIM U 00YUeHUe POOCBEHHUKOS HABLIKAM YX00d, OKA3AHUE NCUXOL0-
2UYEeCKOU U COYUATLHOU NOOOEPIHCKU NAYUESHIY U €20 CeMbe.

Lenv uccnedosanus — uzyuumeo poib MOOULLHOU OPULAObL 8 OKA3AHUU KOMNLEKCHOU NALIUAMUBHOU NOMOWU HA OOMY NAYUECHNY C
OUAHO30M OMEYHO-UHPUILMPAMUBHO2O PAKA MOJIOYHOU JCeNe3bl C MEMACMAMUIeCcKUM NOPANCEHUEM.

Memoowi: B cmamve npedcmasien KIUHUYeCKUull Ciyiail nayueHma ¢ OUdeHo30M OmeyHO-UHGUIbMPAMUHOU (hopMbl paKa Moaou-
Hotl ocenesvl cmaouu Il B, ocnodxchénnoeo memacmaszamu 8 201068HOU MO32, MA308ble KOCMU U pazgumuem nponexcretl I1I-1V cmenenu.
Hecmomps na nposedenue 4 yuxios neoaovioganmnou NOIUXUMUOMEPANUU U 4 YUKII08 MAP2emHO Mepanuu, nPoyecc npoepeccuposal.
Ocoboe snumanue yoeneno pabome MoOUIbHOU OpUadbl, OKA3bIBAIOWEl KOMNIEKCHYIO MEOUYUHCKYIO, NCUXON02UYECKYIO U COYUATLHYIO
N000EPAHCKY RAYUECHMY U €20 CeMbe 8 OOMAWHUX Yca08usax. OCHOBHbIE ACHeKMbl NALIUAMUGHOL NOMOWU BKIIOUAIU 2DAMOMHOE BblA6IeHUe
u 3pghexmusnoe neuerue 6o1esbIX CUMNIOMOS, YXO0O U JleUeHUe NPOLeHCHel, NUMAanue Yepes Ha302ACmpanbHblil 30H0, d MAKH#Ce 3aUMO-
deticmeue ¢ poOOCMEEHHUKAMU OJisl YMEHbULEHUSL IMOYUOHATILHO2O HANPSIICEHUSL.

Peszynomamut: Pesynomamul nevenus npoaedcren 1I-1V cmenenu npodemoncmpuposanu noaioiCumenrbHy0 OUHAMUKY: Nepexoo
panvl 6 azy epanyrayuu cnycms 1,5 mecaya koncepsamuenoeo neuenus. llpumenenue co8pemMeHubIX MEMo008 NeueHUs PaH, GKIYdAs
aHmucenmuieckue pacmeopuvl U AHMUOUOMUKOBbIe MA3UL, NO360IULO CHUSUMb PUCK UHDEKYUOHHBIX OCTIOHCHEHUT U YAVHUUING COCMO-
saHue nayuenma. Paboma mobunvhoil 6pueadsl n0OYepKHYIA 8aANCHOCHb UHOUBUOYAILHO2O NOOX00d, GKIIOUAIOWe20 He MOJIbKO MeOu-
YUHCKYIO, HO U COYUANLHYIO NOOOEPAUCKY 8 PAMKAX NAATUATNUBHOU NOMOWJU.

3axnwuenue: [JesmenvHocms MOOUTbHBIX OpuUead, OKA3bIBAIOWUX NATIUANUSHYIO NOMOUWDb MANCENBIM OHKOIOSULECKUM NAYUEeH-
Mmam Ha MepMUHAIbHOU CIAOUU 8 OOMAWHUX YCTI0BUAX, CHOCOOCMBY e YAVUUEHUIO KA4eCMEa HCUSHU NAYUEHNO8 U NOBLIUEHUIO Y008~
N1emEOPEHHOCTNU NOLYUACMOL NOMOUJU.

Knrouesvie cnosa: pax monounoll gcenesvi, ONYXone60-uHOUALMPAMUGHAs Gopma, naiiuamueras nomMousb, MoOUIbHAs epYNnd,
JleYeHUe NPoNedCHell, Memacmasvl, Kauecmeo HCU3HU.
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SGLT2-RECEPTOR INHIBITORS-ASSOCIATED
EUGLYCEMIC DIABETIC KETOACIDOSIS
IN ONCOSURGICAL PATIENTS IN THE EARLY
POSTOPERATIVE PERIOD:

A CASE REPORT

A.Kh. MAGRUPOV', N.R. ABDUKHALILOV', B.B. ALIYEVA',
R.E. ZHUMABIYEV', B.T. ONGARBAYEV'

'Kazakh Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan

AHHOTALUA

Relevance: Administration of SGLT2-receptor inhibitors in oncosurgical patients with diabetes mellitus could lead to a formidable
complication — the development of euglycemic diabetic ketoacidosis (EDKA) — a specific condition that is difficult to diagnose in a wide
range of specialists. The lack of information about this complication and, thus, vigilance due to normal glucose levels complicates early
detection of EDCA in surgical patients. Regarding oncosurgical patients, data on the prevalence of SGLT2-associated EDCA in the
early postoperative period is limited. The presented clinical case highlights the significant risks of intraoperative surgical stress and

prolonged fasting in patients on SGLT?2 inhibitor therapy, as well as the difficulties in timely recognition of this condition.

This paper aimed to increase the alertness and raise the awareness of clinical specialists about the risk of EDCA development in
oncosurgical patients after the administration of SGLT2 inhibitors in the early postoperative period, the importance of timely diagnosis
of this condition, and the ways of its treatment, using the example of the described clinical case.

Methods: The article describes a clinical case of an oncosurgical patient who developed EDKA in the early postoperative period as

a complication of SGLT2 inhibitors administration.

Results: In the early postoperative period following the administration of dapagliflozin, the patient developed EDKA, which was
successfully managed through adequate hydration with balanced crystalloid solutions, correction of glycemia with intravenous insulin
infusion and 10% glucose solutions, and the correction of acid-base and blood electrolytes balance.

Conclusion: This clinical case demonstrates the importance of early diagnosis and treatment of EDCA as a rare but dangerous

complication of SGLT?2 inhibitors in oncosurgical patients.

Keywords: euglycemic diabetic ketoacidosis (EDKA), SGLT?2 inhibitors, Dapagliflozin.

Introduction: SGLT2 inhibitors represent a new gener-
ation of oral antihyperglycemic agents for treating type 2
diabetes mellitus (T2DM). These medications lower blood
glucose levels by inhibiting glucose reabsorption in the
proximal renal tubules, thereby promoting glucosuria [1].
They are often preferred due to their cardiovascular and
renal protective effects; however, their use has been asso-
ciated with certain metabolic complications [2]. The most
notable — though rare — of these is euglycemic diabet-
ic ketoacidosis (EDKA), a condition that occurs with nor-
mal or near-normal blood glucose levels (<13.8 mmol/L or
250 mg/dL). EDKA arises from increased ketone produc-
tion due to enhanced lipolysis and decreased insulin se-
cretion, typically due to insufficient carbohydrate intake
[3]. A similar condition, known as “starvation ketosis,” is
well-documented in non-diabetic patients. However, this
form of ketoacidosis is atypical in diabetes, and normal
blood glucose levels can delay diagnosis, leading to an in-
creased risk of metabolic complications [4]. A particularly

vulnerable subgroup includes oncology patients with dia-
betes who are undergoing surgical procedures. The post-
operative period is characterized by numerous metabol-
ic stressors, such as fasting, insulin resistance, and surgical
stress responses, all of which can accelerate the onset of
EDKA in patients taking SGLT2 inhibitors. Delayed recog-
nition of this condition can lead to serious complications,
including metabolic acidosis and hemodynamic instabil-
ity [5]. Therefore, prevention, early detection, and timely
management of this complication are crucial to improving
patient outcomes [6].

Materials and methods: This article presents a case
of euglycemic diabetic ketoacidosis (EDKA) in the ear-
ly postoperative period in a patient of uro-oncological
profile receiving SGLT2 inhibitor therapy. The patient
was hospitalized at the Kazakh Institute of Oncology
and Radiology (KazIOR), Almaty, Kazakhstan, in 2025.
The patient provided signed informed consent for all
procedures, as well as for the use of treatment outcomes
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for scientific research, educational, academic, and pro-
motional purposes.

Clinical case:

Patient Information: Patient D., a 56-year-old male,
was admitted on a scheduled basis with a diagno-
sis of stage 1 bladder cancer (C-r of the bladder, stage
1). Comorbidities included: Grade 1 arterial hyperten-
sion, risk level 4 Type 2 diabetes mellitus (T2DM). The
patient was scheduled to undergo transurethral resec-
tion of the bladder (TURB). Medical History: The patient
had been followed by an endocrinologist for over 10
years for T2DM. Over the past year, he had been taking
dapagliflozin (an SGLT2 inhibitor) at a dose of 10 mg/
day. An endocrinologist who examined the patient dur-
ing the pre-hospital phase identified no contraindica-
tions to surgery. An outpatient preoperative anesthe-
siology assessment was conducted at the polyclinic of
KazIOR JSC (Almaty, Kazakhstan). The anesthesiologist
recommended discontinuing dapagliflozin 72 hours
(3 days) prior to surgery. A repeat evaluation was per-
formed after hospital admission, one day before sur-
gery. The anesthesiologist advised the attending physi-
cian to monitor and manage glycemic control and fluid
balance. The surgical procedure was uneventful, last-

Table 1 - Laboratory Tests During Hospitalization

ing 50 minutes, and was performed under regional an-
esthesia — spinal anesthesia at the L3 - L4 level using a
27G needle, with 5 mL of 0.5% Bupivacaine Spinal solu-
tion.

Clinical Data: Laboratory tests conducted the day
before admission revealed blood glucose of 13.5
mmol/L; other parameters were within normal limits.
Only 500 mL of a balanced electrolyte solution was
administered intravenously during surgery. No intra-
operative blood glucose monitoring was performed.
Postoperative observation in the recovery room was
uneventful, and the patient was transferred to the spe-
cialty ward. The next day, routine tests showed 5.8
mmol/L of blood glucose. in the urinalysis, ketonuria
was (++) and glucosuria (+). These findings were ini-
tially interpreted as a reaction to preoperative fasting.
However, the patient’s clinical condition deteriorated,
with emerging signs of decompensated diabetes, and
by the following morning, he was transferred to the in-
tensive care unit (ICU). Further evaluation revealed se-
vere metabolic acidosis, high anion gap due to ketones
(28 mEqg/L), normal blood glucose (6.4 mmol/L), normal
lactate levels, significant glucosuria (++), and marked
ketonuria (++++) (Table 1).

Hospitalization Day Day 0 TURB* Surgery Postgg;rftive ICU** Day 1 ICU Day 2 ICU Day 3
pH 7.1 7.29 7.41
Glucose (mmol/L) 13.5 5.8 6.4 11.6 5.9
HCO, 7.6 24.3 29
pCO, 12.9 46 44.3
Anion Gap 28 10 8
BE*** -24.9 1.3 5.9
Lactate 1.0 0.7 0.6
Ketonuria abs. ++ +++ +H++ +/- abs.
Glucosuria abs. + ++ ++ abs. abs.

Notes: *TURB — Transurethral Resection of the Bladder; **ICU — Intensive Care Unit; ***BE — Base Excess

Diagnostics: Initially, the development of ketoaci-
dosis was attributed to hypovolemia, but the patient
showed no response to fluid resuscitation. It was fur-
ther revealed that the patient had consumed almost
no food since admission due to a poor appetite, had
not maintained proper hydration, and his diabetes was
being managed with insulin based on glucose levels
alone, without carbohydrate supplementation. This
combination of clinical information and laboratory
findings led to the suspicion of euglycemic diabetic ke-
toacidosis (EDKA) in the context of ongoing SGLT2 in-
hibitor therapy.

Treatment: The patient was started on adequate intra-
venous fluid therapy using balanced crystalloids, and a
continuous intravenous insulin infusion was initiated at a
starting dose of 0.1 1U/kg/day. Glycemic levels were close-
ly monitored and corrected accordingly, with a 10% glu-
cose infusion to prevent hypoglycemia. Ongoing moni-
toring included acid-base balance and electrolyte levels.

Results: Ketoacidosis resolved within 48 hours (see
dynamics in Table 1). The patient was subsequent-
ly switched to a subcutaneous insulin regimen. No re-
currence of EDKA occurred during the remainder of the
hospital stay.
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The timeline of the clinical case is presented in Table 2.

Table 2 - Clinical Timeline of EDKA in a Uro-oncological Patient on SGLT2 Inhibitor Therapy

Date Event Note

14.01.2025 | Pre-hospital endocrinology consultation Type 2 diabetes diagnosed; no contraindications for surgery

17.01.2025 | Outpatient preoperative anesthesiology assessment The patient underwent an anesthesiology consultation,
during which discontinuation of dapagliflozin was advised

20.01.2025 | Admission — Day 1 of planned hospitalization Repeat anesthesiology evaluation; 2.5 days since
dapagliflozin withdrawal

21.01.2025 | TURB* surgery Duration: 50 minutes
Anesthesia: SA**

22.01.2025 | Postoperative care in specialty ward

23.01.2025 | Transferred to ICU*** with signs of DM”* decompensation ICU*** Day 1 - Intensive therapy and monitoring initiated

24.01.2025 | ICU*** Day 2 Ongoing intensive care, continuous monitoring, and
correction of acid-base status and glycemic control

25.01.2025 | ICU*** Day 3 Clinical stabilization; resolution of ketoacidosis; transfer to a
ward for further treatment

01.02.2025 | Patient discharged

Notes: *TURB — Transurethral Resection of the Bladder; **SA — Spinal Anesthesia; ***ICU — Intensive Care Unit; "DM — Diabetes Mellitus

Discussion: SGLT2 receptor inhibitors (gliflozins) act
on mechanisms in the proximal renal tubules responsi-
ble for reabsorbing filtered sodium and glucose. Clinically,
this results in reduced blood glucose levels and increased
urinary sodium excretion. These agents are widely used
for glycemic control in diabetes, reducing cardiovascular
event risk in diabetic patients, and treating heart failure.
However, alongside their benefits, SGLT2 inhibitors carry
risks, including genitourinary infections, acute kidney inju-
ry, skeletal fractures, and, notably, ketoacidosis at relative-
ly normal blood glucose levels [7]. Their use also increas-
es perioperative risks, as documented in multiple case
reports of EDKA in surgical patients, highlighting the im-
portance of recognizing this class of hypoglycemic agents
as a potential perioperative risk factor [8]. In a prospec-
tive study involving 759 surgical patients, the incidence of
postoperative SGLT2i-induced ketoacidosis was 0% (95%
Cl: 0 - 0.4%) [9]. Case reports have documented instances
of EDKA occurring in the postoperative period. For exam-
ple, a 58-year-old woman developed EDKA 48 hours after
her last dose of empagliflozin and one day post-neurosur-
gery [10]. In a broader context, a study involving cardiac
surgery patients reported a 70.8% incidence of ketoacido-
sis associated with SGLT2 inhibitor use [11]. However, this
high rate may not be directly extrapolatable to popula-
tions undergoing cancer surgery due to differing patient
characteristics and responses to surgical stress.

Patients undergoing bowel preparation prior to sur-
gery, as well as cancer patients, are often subject to pro-
longed periods of reduced caloric intake. This can lead to
energy depletion and dehydration, particularly when com-
bined with SGLT2 inhibitor therapy. These factors may con-
tribute to the development of EDKA even before the onset
of surgical stress [7]. The perioperative period is marked by

various physiological disturbances, including dehydration
due to fasting, restricted intake, and increased metabolic
demand following surgery, all of which favor ketosis. More-
over, surgical stress triggers a catecholamine surge, stim-
ulating gluconeogenesis, lipolysis, and ketogenesis [12]. A
normal blood glucose level may mask the onset of EDKA,
complicating its early detection. Therefore, clinicians must
maintain a high index of suspicion for EDKA in patients on
SGLT2 inhibitors [13]. Pre- and postoperative fasting and
stress-induced metabolic shifts further exacerbate the ke-
togenic potential of SGLT2 inhibitors [14]. According to the
literature, preoperative discontinuation of SGLT2 inhibitors
and careful perioperative monitoring can reduce the risk of
developing EDKA; however, the optimal duration of drug
withdrawal remains a matter of debate [6]. Current updat-
ed guidelines suggest withholding SGLT2 inhibitors for 3-4
days prior to scheduled surgery [7].

Intraoperative management in diabetic patients also re-
quires attention: glucose monitoring, administration of glu-
cose-containing solutions, and insulin therapy are crucial [8].

Continuous blood gas monitoring is essential for ear-
ly identification and correction of metabolic acidosis. Nu-
tritional support, including adequate carbohydrate intake,
is advised to reduce postoperative ketone production
[15]. Fluid resuscitation, insulin therapy, and careful ke-
tone monitoring are the cornerstones of both the preven-
tion and management of EDKA in postoperative patients
[16]. Educating patients and healthcare providers on early
EDKA symptoms — such as nausea, fatigue, and abdomi-
nal pain — is vital for timely intervention [4]. Skilled endo-
crinology consultation in the perioperative setting is cru-
cial for patients on SGLT2 inhibitors undergoing surgery,
facilitating prevention, early detection, and appropriate
management [8]. A multidisciplinary perioperative ap-
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proach involving endocrinologists, anesthesiologists, and
surgeons is essential to minimize the risk of this potential-
ly life-threatening complication [17].

Conclusion: The presented clinical case highlights the
importance of recognizing EDKA as a potential complica-
tion associated with using and discontinuing SGLT2 inhibi-
tors in the days leading up to surgery and during the early
postoperative period. It is essential to provide patients with
low-dose insulin and carbohydrate support during surgery
to suppress ketogenesis, along with close monitoring of
laboratory parameters to minimize the risk of EDKA, which
can significantly complicate postoperative recovery.

There is a clear need to develop standardized periop-
erative management protocols for patients with diabetes
who are taking SGLT2 inhibitors in order to reduce the risk
of EDKA while preserving the therapeutic benefits of these
agents in diabetes care. Physician education and patient
awareness may also be crucial in preventing or mitigating
the consequences of this potentially serious complication.
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AHJATIIA

OITEPAIIUSITAH KEHUIHI'T EPTE KE3EHJAE OHKOXUPYPI'UAJIBIK BEFIIHI[EFI
NAIOUEHTTEPIAE SGLT2-PEHEIITOPJIAP UHT'UBUTOPJIAPBIMEH EMJIEY
ASACBIHJA OYTVIMKEMHUSAJIBIK IMABETTIK KETOALIM/103:
KIMHUKAJIBIK KAFJIAU
A.X. Mazpynosé', H.P. A6oyxanunos', b.b. Anueea', P.E. JKymabues', B.T.Onzapoaes'

A0 «Ka3aK oHKonorus xaHe pagnonorna FoinbiMu-3epTTey nHCTUTYTbI» AK, Anmarsl, KasakctaH Pecny6nukacel

Oszexminizi: Kanm Ouabemimer ayvlpamvin OHKOAO2UsLIK Haykacmapea SGLT2 peyenmopnapvlibly uHSUOUMOPIAPLIH €H2I3Y
ayvlp ACKbIHYIapea 9Kenyi MYMKIH-262IUKeMUsAnblK, ouademmix xemoayuoozoviy (EDKA) oamywl - xenmezen mamanoapoa ouazHos
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K010 KublH Gonamuli epekuie dcazoail. MyHnoal acKvlny mypaivli aknapammoiy GOIMAYbl JCOHE COUKeCIHUuLe 2II0KO3AHbIY KaLbINNnbl
Oeneetline OAUNAHBICMbL CEP2EKMIK XUpYpeusanvlk naykacmapoa S4KA-nvl epme anvikmayowvl Kuvinoamaowsi. Onepayuadan Keuinei epme
Ke3eHOe2l OHKON02USANbIK, HayKacmapovly konmexkceminoe SGLT2-umen oaiinanvicmol EDCA mapanywl mypanvl Oepexmep wekmeyii. bizoiy
KAUHUKANbIK drcazoativimsiz SGLT2 uneubumopavlx mepanusacvli Kadvlioazan emoenyuiiepoe onepayus itinik Xupypeusivl Cmpeccmiy
JICOHe Y3aK YAKbLM 0pasa yemayovly eaeyii Kayinmepi, cCOHoau-ak 0y s#cazoatiovl YaKmlivl MaHyodebl KUbIHObIKMApPObl KOPCemeol.
3epmmeyoiny maxcamui: SGLT2 meowceciwumepin eHeizymer OallIaHbiCMbl Onepayusoan Ketlinei epme Ke3eHoe OHKOJIOULIbIK
nayxacmapoa EDCA damy kayni mypanvl KIUHUKALLIK MAMAHOAPObIY KblpA2bliblebl MeH Xabapoapiviebli apmmblpy; OCbl JHca20aiobl
YaKmulivl OUASHOCIUKALAYObIH MAKBIZ0bLIbIZbL, COHOAL-AK 0Cbl KIUHUKAIBIK HCA20AU MICATLIHOA OHbL eMOEY HCONOAPBIH 3ePIIME).

AJoicmepi: Maxanaoa onepayuadan xetiinei epme KESEH/E D/[{KA Oamviean OHKOIOUANBIK HAVKACIbIY KIUHUKATILIK HCA20ativl
SGLT?2 meaceciuimepin eneizyoiy acKblHybl peminoe Cunammaiean.

Homuscenepi: Onepayusoan Ketlinei epme keseyoe oanazaughnosunoi Kadwvinoazannan xetiin Haykacka EJJKA ouaenosvl Koiibinovl,
COO0aH Kellin 011 meHOecmipizieen KpUCmaiilouomol epimiHoiiepMeH a0eKeammol 2UOPaAmayusiMet, iuinik uHcyiuHmer dcone 10% emoxosza
epimiHOiciMeH 2nUKeMUsIHbl My3emyMeH, KblUKbLI-He2l3 OANAHCHIH HCOHE KAH dNeKMPOTUMMEPIH My3emy apKblisl commi emoenol.

Kopvitmoinowvi: Biz0iy KAunUKaawlk dcazoatiblmsl3 onkoxupypeusavik naykacmapoa SGLT2 meoceciwumepiniy cupex, Oipax Kayinmi
ackbinywl peminoe EDCA-nbl epme ouacnocmukanay men emoeyoiy Maybl30blibl2blH Kepcemeoi.

Tyiiinoi co3oep: s62nuxemusanviy ouabemmix kemoayuoos (O4KA), SGLT2 uneubumopnapet, /lanaznugnosum.

AHHOTALIUA

SYTIJIIMKEMHAYECKU TUABETUYECKUAN KETOAIIUI03 HA ®OHE TEPAITUH
HNHI'NBUTOPAMM SGLT2-PEIEIITOPOB Y TAHMEHTOB OHKOXHUPYPI'MYECKOI'O
MPOPUJIA B PAHHEM IOCJIEOIIEPAIITMOHHOM IHEPHO/IE:
KIMHNYECKHUHU CJIYUYAHU

A.X. Mazpynos', H.P. A6oyxanunos', b.b. Anuesa', P.E. Kymaoues', b.T. Onzapoaes’
1AO «Kazaxckuit HaquO-M(CHGHOBaTeﬂbCKMVI WHCTUTYT OHKOJIOT U N paauonorum», AJ'IMaTbI, Pe(l'ly6J'IVIKa Kazaxctau

Axmyansuocmu: llpuem uneubumopos SGLT2-peyenmopog y nayuenmos oHKOXUpYpeUUecKux npouiel ¢ caxapHvlm ouabemom
2 muna modicem CONPOBONCOAMbCS SPO3HLIM OCIONCHEHUEM — DA3GUIMUEM IVAUKEMUUeCKO20 OUabemuueckoeo Kemoayuoosa
(DUAKA). Hdannoe cneyugpuueckoe ocnosicHerue 6vizvieaen mpyoHOCMU 8 OUASHOCMUKe Yy MHO2UX cheyuaiucmos. Hedocmamounas
UHGOPMUPOBAHHOCIIL O MAKOM OCLOICHEHUU U, COOMEEMCMBEHHO, OMCYMCMEUe HACMOPOICEHHOCMU U3-30 HOPMATLHO2O YPOBHS
27II0K03b1 3ampyousiem paunee gvisignenue I/[KA y xupypeuueckux nayuenmos. B omuoweHuu onKoxupypeuieckux nayueHmos OanHole
o pacnpocmpanennocmu SGLT2-accoyuuposannozo I/[KA 6 pannem nocneonepayuonnom nepuooe ocpanuyensl. llpeocmagnennviii
KAUHUYECKUT Cy4ail OONoaHsem o0bem c8edeHull, NOOYePKUBAIOWUX 3HAYUMENbHbIE PUCKU, BO3HUKAIOWUE NPU UHMPAONEPAYUOHHOM
Xupypeuueckom cmpecce U OIUMENbHOM 20]100aHuu Yy nayuenmos ¢ mepanuei uneubumopamu SGLT2, a maxoce mpyonocmu
CB0€BPEMENHO20 PACNO3HABAHUSL OAHHO20 COCMOSIHUSL.

ILens uccnedosanus — nogvluieue HACMOPOICEHHOCTU U UHMOPMUPOBAHHOCIU KAUHUYECKUX CReYUATUCIO8 O PUCKE PA3GUMUSL
ONKA y onkoxupypeuueckux nayuenmos na gpone npuema uneudbumopos SGLT2 6 parnnem nocieonepayuoHnom nepuooe, 8axiCHOCmu
C80€8PEMEeHH020 OUALHOCUPOBAHUS OAHHO20 COCMOAHRUS, A MAKJICe CNOCODAX €20 IeueHUsl Ha npumepe OAHHO20 KIUHUYEeCKO20 CIYUdsL.

Memoowi: B cmamve onucan cayuaii KA y nayuenma oHKOXupypeuuecko2o npo@uis 6 paHnem nocieonepayuoHHom nepuooe Ha
¢one npuema uneubumopos SGLT?.

Pesynvmamot: BpannemnocieonepayuonHomnepuooe nocie npuemanpenapama/anaziugrosuny nayuenma ool OUa2HOCMUpo8an
O/IKA, xomopolii 6bl1 YCHeWwHO KYNUpO8awH ¢ HOMOWbIO A0CKEAMHOU 2uopamayui COAIAHCUPOSAHHBIMU KPUCTIALIOUOHBIMU
pacmeopamu, KOppexyuu eauKemMul 6HympugeHHoU uHgy3uetl uHCyIuHa u pacmeopog 2awkosvl 10%, koppexkyuu KUCi0mHo-uei0uHo2o
bananca u 2AeKmMpoIUmos Kpogu.

3akntouenue: Jjannviil cayuai 0eMOHCMPUPYem 8ANCHOCHb C80e8peMeHHoU JuacHocmuku u koppexyuu I/[KA kax pedkoeo, Ho
onacrozo ocnodichenus npuema uneubumopos SGLT2 y nayuenmos onKoxupypeuiecko2o npopuis.

Knioueswle cnosa: syenuxemuueckuii ouabemuyeckuii kemoayuoos (IAKA), uneubumopwr SGLT2, [anaznugrozumn.
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ABSTRACT

Relevance: Skin melanoma is the most dangerous malignant neoplasm of the skin; it ranks ninth in the structure of oncological
diseases worldwide. Despite the simplicity of preventive measures and the fact that melanoma is one of the most visually detectable
tumors, its incidence continues to rise globally each year. As a result, enhancing early detection and prevention strategies remains
a critical public health priority. Dermatoscopy remains the gold standard for early diagnosis, serving as the foundation for all
modern diagnostic equipment. Additionally, specialized genetic testing methods are available to identify familial melanoma cases in
high-incidence regions.

The study aimed to describe the capacity of modern early skin melanoma detection methods.

Methods: We used specialized scientific search engines such as Scopus and PubMed to examine current methods for early melanoma
skin cancer detection described in publications from 2014 to 2024.

Results: Dermatoscopy and confocal microscopy remain the first choices for specialized physicians due to their simplicity and
accessibility. Although Nevisense electrical impedance spectroscopy has a high diagnostic value, it is inaccessible to patients and
physicians. AI-based mobile dermatoscopic applications are promising because they are accessible to both parties. CDKN2A genetic
testing is used in regions with a high population incidence of melanoma to detect familial malignant melanoma syndrome.

Conclusion: Further technological progress shall promote modern methods of diagnosing skin melanoma based on efficiency,

cost-effectiveness, simplicity, and accessibility.

Keywords: malignant skin melanoma, early detection, noninvasive methods, familial melanoma.

Introduction: Malignant skin melanoma (MSM) is a
serious type of skin cancer that develops from melano-
cyte cells. Although squamous cell carcinoma is less com-
mon than basal cell carcinoma and squamous cell carcino-
ma, which originate from epithelial tissue, it is considered
dangerous due to its ability to rapidly metastasize to oth-
er organs [1]. Melanocytes are skin cells located in the
upper layer of the skin. They produce the pigment mel-
anin, which gives the skin its color. There are two types
of melanin: eumelanin and pheomelanin. When the skin
is exposed to ultraviolet radiation from the sun or artifi-
cial tanning, it causes damage to the skin. As a result, mel-
anocytes produce more melanin, which protects the eu-
melanin pigment from the skin, causing it to darken or
tan. Modern oncology views MSM proliferation as a com-
plex multifactorial process with a combination of genet-
ic, epigenetic, and environmental factors that contribute
to its occurrence and can be prevented [2]. MSM occurs
when DNA damage by UV radiation caused by sunburn or
oxidation induces mutations in melanocytes, which trig-
gers a complex mechanism of uncontrolled cell growth.
International Agency for Research on Cancer has classi-
fied solar ultraviolet radiation and tanning devices that
emit artificial ultraviolet radiation as carcinogens, placing
them in the highest risk category for colon cancer, along-
side other carcinogens such as radon, tobacco, and as-
bestos. Solarium-induced melanoma affects more peo-
ple than lung cancer caused by smoking [3]. According

to the International Agency for Research on Cancer (Lyon,
France), 325,000 cases of melanoma (174,000 cases in
men, 151,000 cases in women) were reported worldwide
in 2020, and 57,000 people (32,000 men and 25,000 wom-
en) died from it [4]. One important factor in the incidence
of MSM is geographical location. The incidence of MSM is
highest in equatorial regions and decreases as one moves
north or south of the equator, which is related to the num-
ber of hours of sunlight in these regions compared to re-
gions of greater or lesser longitude [5]. The incidence of
colorectal cancer has increased worldwide, not only in
the last decade but also in the past, and this increase is
faster than other cancers [6]. The most alarming element
of these statistics is the relatively young age of patients
suffering from MSM. Unlike colorectal (68 years), lung (70
years), and prostate (71 years) cancers, the median age of
diagnostics in patients with MSM is only 57 years.

The study aimed to describe the capacity of modern
early skin melanoma detection methods.

Materials and methods: Data were collected from
peer-reviewed sources indexed in the scientific search sys-
tems Scopus and PubMed between 2014 and 2024. A to-
tal of 48 sources were retrieved based on the keywords of
the study. We also analyzed open-access articles from the
European Consensus Interdisciplinary Guidelines for Mela-
noma Research. Of these, 15 sources were included in the
analysis, providing an overview of current STI prevention
methods.
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Results:

Dermatoscopy and confocal microscopy. Dermatosco-
py is the most common, simple, and accessible method of
early diagnostics. Dermatoscopy has been shown to have
a diagnostic accuracy of up to 89% compared with clin-
ical diagnostics of skin lesions [7]. Dermatoscopy should
be used for all malignant skin neoplasms, not just for clin-
ical suspicion. This is because dermatoscopy allows the
detection of morphologic asymmetry of MSM before it
is clinically recognized. Dermatoscopic photodocumen-
tation of the lesion before surgical removal is primarily
recommended [8]. Dermatoscopic features of MSM are
distinguished using the CASH algorithm (C-color, A-archi-
tecture, S-symmetry vs. asymmetry, H-homogeneity vs.
heterogeneity), an improved version of the ABCD algo-
rithm. These include color polychromy, irregular arrange-
ment of structures in the dermatoscopic image, sym-
metry and asymmetry of patterns, and the presence of
the following dermatoscopic appendages: atypical pig-
mented mesh, irregular brown-black dots/balls, irregu-
lar stripes and lines, white shiny stripes, “blue-white veil”
feature, and polymorphic veins. Figure 1 shows the der-
matoscopic image of MSM according to the clinical pres-
entation: A - MSM on the face resembling a brown flat

pigmented lesion, and dermatoscopy shows a brown
pseudo grid with irregular pigmentation of follicular
openings; B - Dermatoscopic image of superficially dis-
tributed MSM with brown asymmetry on the body skin
shows color asymmetry, atypical globules, and pigment-
ed mesh; C - Nodular melanoma of the body skin with
a bluish hue, whose dermatoscopic image shows bluish
pink color and asymmetry of structures, globules and
polymorphic vessels, and white streaks. Confocal micros-
copy provides images of the epidermis and superficial
layer of the dermis. Like dermatoscopy, it allows the eval-
uation of pathologic changes in skin tissue by obtaining
images in the horizontal plane. In confocal microscopy,
the contrast image is obtained due to differences in the
refractive index of the laser beam of organelles and other
cellular microstructures, which appear lighter against the
background of underlying structures. Confocal microsco-
py is a promising practical tool for diagnosing and mon-
itoring pigmented and non-pigmented skin neoplasms.
It shows horizontal skin layers with a maximum depth of
350 um. When examining the skin, the resolution provid-
ed by confocal microscopy is very important compared
to histologic examination since lateral resolution is less
than 1 um, and vertical resolution is 3 to 5 um.

Figure 1 - Clinical and dermatoscopic picture of malignant skin melanoma

Electrical Impedance Spectroscopy. This method ana-
lyzes the electrical resistance or conductivity of mate-
rials and systems at various frequencies. The Nevisense
system, which analyzes with this method, determines
the degree of conductivity of skin neoplasms by pass-
ing electrical currents of different frequencies through
a device similar to an ultrasound probe. Since MSM cells
conduct electric current more actively and faster than
healthy skin cells, this effect can be registered using
spectroscopy based on electrical resistance measure-
ments [9, 10]. Thanks to pre-established control meas-
urements, the system allows for comparing CT scan re-
sults with measurements from the lesion area on the

skin of the intended patient. In an international multi-
center prospective study conducted at 5 U.S. and 17 Eu-
ropean research centers, 256 of 265 cases of histologi-
cally confirmed squamous cell cancer were preliminarily
identified by the Nevisense system using electrical im-
pedance spectroscopy with an accuracy of 96.6% and
an accuracy of 100% for non-melanoma skin cancer.
Thus, the Nevisense system can be a noninvasive meth-
od for screening colorectal cancer in high-incidence
countries [11, 12].

Artificial intelligence (Al) technology based on derma-
toscopic applications for mobile phones. Al-based mobile
applications are a simple, practical, and accurate diag-
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nostics method for suspected skin cancer and squamous
cell carcinoma in patients visiting oncological dermatol-
ogists. However, its use requires careful refinement of the
decision-making mechanisms within the program [13].
Most retrospective studies in oncodermatology show
a clear advantage of Al over humans [14]. The Interna-
tional Skin Imaging Collaboration 2018 Challenge study
compared 10,015 computer algorithms across 7 diagno-
ses (MSM, nevus, dermatofibroma, pigmented basal cell
carcinoma, non-pigmented basal cell carcinoma, kerato-
sis, and benign vascular tumors). The ISIC 2018 Al algo-
rithms were more accurate than the diagnoses of young
specialists. However, the study, like almost all studies of
this type, was not conducted in realistic everyday clini-
cal settings; Instead, physicians were forced to evaluate
images on a computer screen without contextual infor-

mation. Thus, it remains unclear whether the benefits of
IA obtained in this study will be implemented in clinical
practice. The results of the ACTRN12620000695909 mul-
ticenter prospective diagnostic clinical trial conducted in
Australia and New Zealand, which allowed real-time val-
idation of the ISIC 2018 study, are described as a “new
wave” of artificial intelligence in oncodermatology when
compared to the ISIC 2018 Al, the Al diagnoses in cate-
gory 7 in the study were equivalent to those of the lead-
ing specialists. The absolute difference in accuracy com-
pared to the decisions of the leading specialists was 1.2%,
and in contrast, it exceeded those of the young special-
ists by 21.5%. The balanced multi-class accuracy (average
completeness score) of the above 7 diagnoses was 65.9%
for category 7, 52.2% for ISIC 2018, 73.8% for leading spe-
cialists, and 35.5% for young specialists [15].
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Figure 2 — Involvement of the CDKN2A gene in the pathogenesis of malignant skin melanoma

Genetic testing for the CDKN2A gene. The CDKN2A gene,
acyclin-dependentkinase 2ainhibitor, is located on chro-
mosome 9. It encodes several proteins, the most studied
of which are p16ink4a and p14arf, which slow cell division
and act as a TSC suppressor. Normally, the CDKN2A gene
is involved in the prevention of MSM, but when mutat-
ed, it increases the risk of developing MSM. Mutations in
CDKN2A, along with multiple dysplastic nevus syndrome,
cause FAMMM syndrome, i.e., familial atypical multiple

myeloma inherited in first-degree relatives in the autoso-
mal dominant type [16, 17]. Environmental factors (ultra-
violet light) and genetic heredity (CDKN2A, CDK4, MC1R,
BRAF, p16/ARF genes) lead to the accumulation of ge-
netic mutations in melanocytes. As a result, oncogenes
are activated, tumor suppressor genes are suppressed,
and DNA repair processes are impaired [18]. This, in turn,
leads to proliferation, pathologic angiogenesis, pene-
tration of MSM into tissues, and evasion of immune re-
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sponse (Figure 2). Genetic testing for MSM susceptibili-
ty genes is recommended in families with MSM after a
suitable candidate has been selected and appropriate
counseling has been provided to the patient. Currently,
access to genetic testing depends on the geographic dis-
tribution of the disease, with 5-12% of cases being “famil-
ial” [19], and the proposed criteria for genetic evaluation
are used in countries with very high incidence, such as
Australia. Genetic testing of the CDKN2A gene has been
available for over 20 years. However, the use of multigene
panels to test for hereditary MSM is increasingly being
implemented in clinical practice, increasing the ability to
identify pathogenetic variants [20]. Multigene testing is
particularly important if there is a family history of oth-
er cancers, as some genes predisposing to MSM may be
associated with other hereditary cancers (e.g., pancreat-
ic cancer). This facilitates a personalized approach to test-
ing [21].

Discussion: Early detection of MSM is a challenging
task that requires a multidisciplinary approach. The der-
matoscopy and confocal microscopy methods presented
in this article are more widely used, easier to apply, and
relatively affordable than the electro-impedance spec-
troscopy method. Although the Nevisense electroimped-
ance spectroscopy method has demonstrated its supe-
riority in detecting various types of skin neoplasms, it is
not available to Onco-dermatologists and patients. The
ACTRN126200000000695909 study on Al-based mobile
dermatoscopic applications is the first prospective study
to validate the potential of artificial intelligence-based
MSM diagnostics using dermatoscopic imaging in a clin-
ical setting for all clinically relevant classes of pigment-
ed lesions. The importance of the study is underscored
by the fact that the results were obtained using simple
cell phone technology with no available hardware, un-
like previous, more expensive, stand-alone devices. It is
important to inform people with mutations in the “fa-
milial” MSM and CDKN2a genes about preventive meas-
ures. They should be instructed in photoprotection tech-
niques and monthly self-examination, and for high-risk
individuals, the frequency of examinations by an Oncolo-
gist or Dermatologist should be increased to once every
3-12 months.

Conclusion: Effective methods and technologies
for early detection of MSM are now becoming availa-
ble. However, one of the main challenges is implement-
ing these methods in clinical practice for rational use in
relation to the patient. The requirements for diagnostic
methods include high diagnostic accuracy of methods,
ease of use, digital registration of results and binary re-
sponses of diagnostic systems, and economic accessi-
bility. This considers the need for training of health care
providers, minimal time commitment for the patient and
physician, and convenience for the patient. Unfortunate-
ly, a modern noninvasive diagnostic method that meets
all these requirements has not yet been found. This situa-
tion means that the physician chooses an available meth-
od rather than an effective one for the patient. Thus, the
human factor can be considered one of the obstacles to
early detection of MSM.
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KATEPJII TEPI MEJIAHOMACBIH EPTE CATBIJIA AHBIKTAY IbIH
3AMAHAYU SAICTEPI:
9/IEBH IOJ1Y

A.E. Ooinoea', I M.Ycamaesa', M.2K. Cazvinovikoe*

1«dn-Dapabu atbiHaarbl Kasak YnTrbik YHuepcuterti» KEAK, Anmarbl, Kazakcran Pecny6aukacb;
ZaNe 5 Kananbik Knunukanbik Aypyxaxa» LIXKK KMK, Anmar, Kasakcran Pecny6nmkacol

Oszexminizi: Kamepai mepi menanomace mepiniy kamepni my3inicmepiniy iwinoeei ey Kayinmici 60avin maoduvliaosl x#coHe OyHue
oHcy3i OOUbIHULA OHKONOZUANBIK AYPYIAD KYDULIIMbIHOA MObI3bIHUbL OPLIHOA. ANObIH ANy WAapaiapbiibly KapanaiblMOblLIblebl MeH
oHKon02UAOA2bl U3YAN0bl Mypoe KOICemimOl NOKATU3AYUAAd JHCAMAMBIHbIHA KAPAMACAN, mepiniy Kamepni MeianomacbimeH
COIPKAMMAaHYWbLIbIK OYHUE HCy3iHOe bl cativii ocy yeminde. CoOHObIKmMan oa, aypyovly epme camuvloa AHbIKMAY MeH al0blH ALy
adicmepin dicemindipy Oyzinei mayoa Ko2amovlK OeHCAYIbIK CAKMAY CanlacblHOaabl Maybl30bl MiHOem 60.16in mabwiiadvl. Epme camvloa
aHvIKmay o0icmepiniy apacvlHOa «aimvlH CIAHOapmy peminoe 0epmamockonus 00avin Kaaia 6epmex Heone 3amManayi iadovikmapobiy
bapnvievl 0a ocvl vdicke nezizoencen. ConbIMEH Kamap, CulpKAMMAHYUbLIbIK HCO2apbl AlMaKmapoa «0modacwliblK MenaHoOMaHbLy
AHLIKMAMbIH APHAlbl 2eHeMUKANBIK, mecminey odicmepi 0e KapacmulpbliadH.

3epmmeyoin maKcamuol — mepi MEIAHOMACHIH epme Camvloa AHbIKMAYObll 3aMAHAYU d0iCMePIiHiy MyMKIHOIKmepin cunammay.

Aoicmepi: Scopus, PubMed apnaiivl evinvivu iz30ey scytienepi apkwinet 2014-2024 scvinoap apanvieeindazsl 0epekkozoepoer mepi
MeNaHoMAacsli epme camvlod aHbIKMAyobly 3aManayu s0icmepi zepmmenoi.

Homucenepi: Maxanada cunammanzan 0epmamockonus MeH KOH@OKanbObl MUKPOCKONUA d0icmepi KapanablMOblLiblebl MeH
KONcemiMOiNieiHiy apKacvinoa, Oellindi Oopicepaepdiy OipiHwi kesekmeei manoay 90ici bonvin Kanvin omulp. Hegucenc ocyiieci
APKLLILL  HCYpRI3iemin  2NeKMPOUMNEOAHCIbL  CHEKMPOCKONUA  9O0ICIHIY OUAZHOCIMUKATBIK KYHObLIbIEbL JHo2apbl  OON2aHbIMEH,
HayKkac nen 0opicepee Kondcemimcis. ¥anvl meneghonoazvl 0epmamockonuanbly KOCbIMuAiaped ne2iz0encet JHcacanobl UHmeieKm
MeXHONO2UACBIHLIY Oonauazel 30p, cebebi exi dHcakka 0a KoaxcemimOi ysanvl meiedon neeisinoe ocacanzan. Ilonyrayusoazvl
CLIPKAMMAHYWLLIbIK, KopcemKiumepi dicoeapbl OYHUe DJICY3iHiH auMakmapulHoa OmOACHIIbIK MYKbIM Kyalaumeln Kamepai mepi
menanomacvin anvikmayea CDKN2A ecenine eenemuranvix mecminey scypeizineoi.

Kopvimuinovt: Texnono2usnbls npoepeccmiy Jcan2acyblmMen mepi MenanoMacull OUAeHOCMUKANAy0d 3amanayu odicmepoin
KOLOAHBLILY bl MUIMOLTIK, YHEMOLIIK, KapanatblMObLIbIK, KOIHCEMIMOLIIK CUAKMbI NPUHYUNMepee He2i30enyi Kepex.

Tyuiinoi co30ep: kamepii mepi MeIaHOMACHL, epme camuvlod AHbIKMAY, UHEA3USMI eMec ddicmep, OmOACLLIbIK MEAHOMA.

AHHOTAD UL

COBPEMEHHBIE METO/JbI BBISABJIEHU A SJJIOKA‘IECTBEHHOI\/'I MEJIAHOMBI KOKH
HA PAHHEU CTA/IUU:
OB30P JIMTEPATYPbBI

A.E. Aounoea', I'M. Ycamaesa', M.JK. Cazbt1ovikoe*

THAO «Ka3axckuit HaumoHanbHbiii YHuBepcutet umenn anb-Oapabuy, Anmatbl, Pecny6nuka Kasaxcran;
2KI'M Ha NMXB «fopoackan KnuHnyeckan 6onbHuLa N25», Anmatbl, Pecnybnuka Kasaxcran

Axmyanvnocms: Menanoma Koxicu SGNSAEMC CAMbIM ONACHBIM 310KAYECMBEHHbIM HOB00OPA308AHUEM KOJICU U 3AHUMAEM
oessimoe Mecmo 8 CMpYKmype OHKOLO2UYECKUX 3a001e6anull 60 ecem mupe. Hecmomps na npocmomy npoguiakmuueckux mep u
mom axkm, Wmo MeiaHOMA KOJHCU OMHOCUMCSL K ONYXOJAM U3VATbHO OOCMYNHOU IOKAAU3AYUU, 3A001€6AeMOCTb 310KAUeCMEEHHOU
MENAHOMOU KOJCU edce200H0 pacmem 80 gcem mupe. [1oamomy cosepuiencmeosanue memooos GblaeieHus U npoOUIAKmuKy Ha
PanHell cmaouu A6Asemcs ce200Hs gaxcheliwell 3aoayeli ooujecmeenno2o 30pasooxpanerus. Cpeou memooos o0OHapydlcenus: Ha
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PAHHUX CMAOUsix 0epMamoCKONUs OCMAemcs «3010MblM CMAHOAPMOM», U 8Ce COBPEMEHHOe 000pPYO08aHUe OCHOBAHO HA SMOM
memooe. Kpome moeo, 6 pecuonax ¢ 6biCoKoll 3a001€60aeMOCmblo Makice npedyCMOmpeHsl CneyudibHble Memoosbl 2eHemu4ecKo2o
Mecmuposans, KOmopuvle N0360AI0ON BbIABUNb KCEMEUHYIO MENAHOMY).

Llens uccnedosanus — onucanue 803MOHCHOCMEN COBPEMEHHBIX MEMOO08 BbIABNCHUS MELAHOMbL KOXCU HA PAHHEU CIAOUU.

Memoowi: C nomowbio cneyuanbublx HAyyHblx nouckosvix cucmem Scopus, PubMed usyuenvi cospemeninvie memoovl panHeo
BbIABICHUSL METAHOMbL KONHCU NO UCMOYHUKAM 3a nepuod 2014-2024 ze.

Pesynomamer: Memoowvl depmamockonuu u KOH@POKANbHOU MUKPOCKORUU, ONUCAHHbIE 8 cmambe, 01az2o0apsi ceoell npocmome
U QOCMYnHOCMU OCMAIOMC MemoOOM NPUOPUMEMHO20 6blO0pa NPOGUIbHBIX épaueli. Xoms Mmemood 31eKmpouMneoanHcHol
CHEKMPOCKONUU, NPOBOOUMBLI Yepes cucmemy Hesucenc, umeem 6bicOKYI0 OUAZHOCIMUYECKYIO YeHHOCHb, OH HEOOCMYNeH Ol NayUeHma
u epaua. TexnHono2us UCKyCcCmeeHHO20 UHMENNeKMd, OCHOBAHHASA HA 0ePMAMOCKONUYECKUX NPULONCEHUAX 8 MOOUTIbHBIX menehoHax,
A81Aemes MHo2oobewaoujell, NOCKOIbKY OHA OCHO8AHA HA MOOUIbHOM meiegone, 00CMynHoM 015 0beux cmopoH. B peeuonax c
BbLICOKUMU NOKAZAMENAMU 3a001€6AeMOCIU HACENEHUS MEAAHOMOU KOJHCU NPO8OOUmMcs 2enemudeckoe mecmuposanue eena CDKN2A
Ha 8bIAGNEHUE CEMEUHOU HACIEOCMBEHHOU 310KAYECMEEHHOU MENAHOMbI KOJICU.

3aknwouenue: Ilo mepe npooondtcenus MexHON02UHECKO20 Npopeccd NpUMEHEHUEe COBPEMEHHbIX Memooos 6 OUACHOCUKE
MeNAHOMbL KOJICU OONICHO OCHOBBIBAMbCS HA MAKUX NPUHYUNAX, KAK IDPEKMUSHOCIb, SKOHOMUYHOCHb, NPOCMOMA, OOCHYNHOCb.

Kniwouesvle cnosa: 310Kkauecmeennas MeiaHOMA KOMXCU, GbIAGIEHUE HA PAHHEN Cmaodui, HEeUHBA3USHble Memoobl, CeMelHds
Menanoma.
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NEW ASPECTS IN THE USE OF MULTIMODAL
ANALGESIA DURING SURGICAL INTERVENTIONS
IN CANCER PATIENTS:
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ABSTRACT

Relevance: Multimodal analgesiais animportant tool in postoperative pain managementin cancer patients. It provides acomprehensive
approach that minimizes side effects, improves recovery, and improves the patient’s quality of life in the postoperative period.

The study aimed to generalize current data from systematic reviews, meta-analyses, and randomized controlled trials that consist of
strategies and new aspects of multimodal analgesia for oncological surgery. An important aspect is the identification of effective methods
for pain management in patients who have undergone surgery due to cancer.

Methods: The Cochrane Library, PubMed, and Embase were searched to identify randomized controlled trials, systematic reviews,
and meta-analyses published in English from 2019 to 2024 that focused on the results of the use and comparison of different methods of
multimodal analgesia during surgical interventions in patients with cancer.

Results: As a result of the analysis of data from large scientific studies and meta-analyses, the advantage of opioid-sparing methods in
multimodal analgesia was established, as well as the widespread use of ultrasound-guided peripheral blocks.

Conclusion: A multimodal standardized method of pain relief with ropivacaine (regional blocks) in combination with acetaminophen
and nonsteroidal anti-inflammatory drugs (NSAIDs) has the best analgesic effect in patients undergoing surgery for cancer and can
effectively inhibit early postoperative inflammatory reactions and promote postoperative recovery without increasing the incidence of

adverse reactions and complications.

Keywords: multimodal analgesia, patients with cancer, ultrasound-guided regional blockades.

Introduction: Historically, surgical pain (both intra-
operative and postoperative) has been treated primarily
with strong opioid regimens. Opioids are effective in re-
ducing pain but have undesirable side effects in this pa-
tient population, the most important of which is respi-
ratory depression. Other side effects include sedation,
altered mental status, constipation, postoperative nau-
sea, vomiting, urinary retention, and pruritus. The clini-
cal significance of these side effects varies from person
to person, but opioid side effects hinder the ultimate
goal of accelerating the recovery pathway, namely, fast-
er recovery from surgery and return to baseline func-
tional status. Regardless of the complexity of the sur-
gical procedures (major or minor), postoperative opioid
administration can result in persistent or chronic opioid
use in 5% to 15% of patients, depending on the duration
of initial postoperative opioid use [1].

For this reason, enhanced recovery pathways (for
any surgical specialty, including thoracic and breast
surgeries) tend to use multimodal analgesic regi-
mens that are opioid-sparing in combination with re-
gional techniques such as interfascial blocks when
possible [2-3].

The classes of drugs that can be used for periopera-
tive analgesia in a multimodal approach are diverse and
include acetaminophen, nonsteroidal anti-inflammato-
ry drugs (NSAIDs), gabapentinoids, NA receptor antago-
nists, glucocorticoids, and alpha-receptor antagonists.
The 2019 Enhanced Recovery After Surgery (ERAS) So-
ciety guidelines detailed the perioperative analgesics
used and the available data for several drug classes.
They made a “strong” recommendation to include ac-
etaminophen/NSAID combination, ketamine and dexa-
methasone, and paravertebral block as multimodal an-
algesia [4].

The study aimed to generalize current data from sys-
tematic reviews, meta-analyses, and randomized con-
trolled trials that consist of strategies and new aspects
of multimodal analgesia for oncological surgery. An im-
portant aspect is the identification of effective methods
for pain management in patients who have undergone
surgery due to cancer.

Materials and methods: The Cochrane Library,
PubMed, and Embase electronic database were searched
to identify randomized controlled trials, systematic re-
views, and meta-analyses published in English from 2019
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to 2024 that focused on the results of using and comparing
different methods of multimodal analgesia during surgical
interventions in patients with cancer. The exclusion criteria
were RCTs and systematic reviews, meta-analyses, and sci-

entific articles on the use of multimodal analgesia in preg-
nant women and children with cancer.

Results: Studies that reflect new aspects of multi-
modal analgesia are presented in Table 1.

Table 1 - Effectiveness of interfascial blockades in various surgical interventions in patients with oncological diseases

Year of
publication

Type of

Authors Research

Cohort

Key Results

Mian BM et al. [1] 2023 Cohort study | N=686

Efficacy of non-opioid alternative methods of multimodal analgesia

Genc C. et al. [2] 2022 RCT N=90

Equal effectiveness of blockade (fascia of the erector spinae, fascia
of the pectoralis, and serratus muscles) and opioid analgesics

Edwards JT et al. [5] 2021 RCT N=64

30% reduction in 24-hour opioid consumption following serratus
interfascial block following mastectomy

Kaur U. et al. [6] 2020 RCT N=55

Dynamic and static pain relief after blockades (muscles, erector
spinae, pectoralis fascia, and serratus)

Sotome S. et al. [7] 2021 RCT N=45

Erector spinae fascia block is equivalent to but not superior to
retrolaminar block for postoperative analgesia after breast surgery.

Yao Y. et al. [8] 2019 RCT N=68

Serratus fascia block improved the quality of recovery and
postoperative analgesia in breast cancer.

Kitagawa H. et al. [9] 2024 RCT N=64

Multimodal analgesia combined with transversus abdominis fascia
block may be comparable to epidural analgesia after laparoscopic
colon cancer surgery.

Kuniyoshi H. et al. [10] 2019 RCT N=100

A case-based rectus block may be a substitute when a continuous
epidural block is contraindicated as a component of postoperative
multimodal analgesia.

Ma Y. et al. [11] 2024 RCT N=72

Multimodal opioid-sparing anesthesia may be a safer and more
effective alternative to anesthesia in elderly patients, minimizing
opioid-related side effects.

Yeo J. etal. [12] 2022 RCT N=97

Multimodal analgesia (pregabalin + transversus abdominis fascia
block + tramadol) successfully controlled postoperative pain and was
non-inferior to morphine-based patient-controlled analgesia.

Toleska M. et al. [13] 2023 RCT N=60

Patients in the opioid-sparing group had the lowest pain scores in
the first 72 hours after open colorectal surgery.

Huang D. et al. [14] 2020 RCT N=77

Bilateral posteromedial quadratus dorsi fascia block reduces
morphine consumption in the setting of multimodal analgesia
compared with lateral transversus abdominis fascia block after
laparoscopic colorectal surgery.

Liang M. et al. [15] 2021 RCT N=78

Postoperative ultrasound-guided posterior transversalis fascia block
with rectus abdominis fascia block reduced postoperative opioid use
in patients after laparoscopic radical resection of rectal cancer.

ShiR. et al. [16] 2024 RCT N=67

Preoperative bilateral quadratus dorsi fascia block reduces
postoperative morphine use.

Cao L. etal. [17] 2024 RCT N=84

Multimodal standardized analgesia with ropivacaine in combination
with parecoxib sodium and a patient-controlled analgesia pump had
a better analgesic effect.

Li X. etal. [19] 2021 RCT N=96

In patients undergoing laparoscopic renal surgery, a preoperative
single quadratus dorsi fascia block did not reduce opioid
consumption but improved analgesia for up to 24 hours
postoperatively.

Zhang Q. et al. [20] 2023 RCT N=80

Non-opioid anesthesia based on thoracic paravertebral block
improved the quality of early postoperative recovery in patients
undergoing breast cancer surgery.

Chenesseau J. et al. [21] 2023 RCT N=196

Surgeon-delivered paravertebral block during thoracoscopy was
non-inferior to anesthesiologist-delivered paravertebral block using
ultrasound in terms of opioid consumption during the first 48 hours.

De Cassai A. et al. [31] 2021 Meta-analysis | N=4074

All regional block techniques (serratus fascia, pectoralis fascia, and
serratus fascia) were associated with superior analgesia and lower
opioid consumption than controls.

Ahlberg H. et al. [32] 2023 RCT N=185

Combined pectoralis fascia and serratus block before breast cancer
surgery reduces postoperative morphine requirements.

A review of included meta-analyses, systematic re-
views, and RCTs showed that, with advances in technolo-
gy, including ultrasound (US), regional blocks had become
an integral part of multimodal analgesia in oncologic sur-
gery, and are associated with less pain, less postoperative
nausea and vomiting, and shorter hospital stays in patients
undergoing thoracic, urologic, and breast surgery [5-7].

An RCT by Yao et al. examined the use of ultra-
sound-guided serratus plane block (SPB) for pain relief
after breast cancer surgery. According to the 40-item
Quality of Recovery questionnaire, the global median

score at 24 hours after surgery was significantly high-
erin the SPB group (158 [153.8-159.3]) than in the place-
bo (saline) control group (141 [139-145.3]), with a mean
difference of 15 (95% ClI: 13 to 17, p<0.001) (Table 2) [8].

Compared with the control group, postoperative
pain scores (assessed by visual analog scale) at rest
were significantly lower at 24 hours in the SPB group
(P<0.001) (Figure 1).

Preoperative SPB reduced postoperative total opioid
consumption, incidence of postoperative nausea and
vomiting, and time to discharge from the anesthesia
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care unit. In addition, patient satisfaction scores were
higher in the SPB group.

Although continuous epidural analgesia remains the
standard method and part of multimodal perioperative
analgesia, recent advances in ultrasound devices allow
good visualization of block needles, thereby facilitating

the placement of catheters in appropriate positions for
continuous peripheral nerve blocks in the perioperative
period. In cases where epidural analgesia is contraindi-
cated, continuous plane blocks can be considered as
an alternative to epidural analgesia for adequate pain
management [9].

Table 2 - 40-item Postoperative Quality of Recovery Questionnaire, 24-hour global assessment [8]

Variables Sebrlrg(t:llj(s r?l%sfle Control group, n=34 Medi(%%%ﬁ&rf nee Probability value
Ghobal Quality of Recovery Questionnaire = | 1581153 80 150.3] | 141[139 to 145.3] 15[13 to 17] <0.001
Emotional status 31[28.8 to 33] 28[27 to 29] 3[2 to 4] <0.001
Physical comfort 50[49 to 51] 43.5[42 to 46] 6[5 to 8] <0.001
Physical independence 14[12.8 to 16] 13[12 to 15] 1[0 to 2] 0.168
Psychological support 28[29 to 30] 28[26 to 29] 1[0 to 2] 0.061
Pain 33[32 to 34] 28[27 to 30] 4[4 to 5] <0.001

VAS scores
T

Py

3 SPB
[ Control

0.5 1 2

Time after surgery (h)

4 8 24

Figure 1 — Box plot of postoperative visual
analog scale at rest in patients receiving serratus
muscle block (SPB) with 0.5% ropivacaine
compared to saline [8]

In an RCT comparing the results of continuous epi-
dural analgesia (CEA) and continuous rectus sheath
block (CRSB) conducted by H. Kuniyoshi et al., the post-

operative mean pain score in the CEA and CRSB groups
during movement and rest was less than three during
the observation period (Figure 2) [10].
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Figure 2 — Postoperative Numeric Rating Scale in the Continuous Epidural Analgesia
(CEA) Group and the Continuous Rectus Spinal Block (CRSB) Group at Movement and
Rest. Data are presented as mean and 95% CI [10]

There was no significant difference between the
groups in the need for intravenous patient-controlled an-
algesia (IV-PCA), the total number of IV-PCA requests, and
the frequency of rescue medications. Rescue analgesics
included NSAIDs, acetaminophen, and buprenorphine. Ta-

ble 3 shows no significant difference between the CEA and
CRSB groups concerning rescue medications [10].

Planar regional blocks performed under ultrasound
control have become widespread in combination with
perioperative multimodal analgesia in other areas of
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oncological surgery, including urological and abdomi-
nal operations [11-13].

According to the ERAS guidelines, various analgesic
methods are recommended for minimally invasive col-
orectal surgery, such as intravenous patient-controlled

analgesia (IV-PCA) in combination with acetaminophen,
NSAIDs, or opioid agonists, as well as incisional wound
infiltration with local anesthetics, transverse abdominis
plane block, ultrasound-guided rectus abdominis com-
partment block, or other analgesic methods [14-17].

Table 3 - Duration, overall frequency, frequency of success, frequency of failure of rescue drugs [10]*

Extended epidural Extended rectus Meaning

analgesia abdominis block probabilities
Duration of intravenous patient-controlled analgesia (min) 2040 (1560-2460) | 2310 (1515-2760) 0.50
The overall frequency of use of intravenous patient-controlled analgesia 30 (8.5. 49.5) 22 (4-68) 0.83
The success rate of intravenous patient-controlled analgesia 14 (7.5-24) 11.5 (4-24.75) 0.53
Incidence of failure of intravenous patient-controlled analgesia 13 (1.5 32.5) 8.5 (1-42.75) 0.97
Frequency of use of rescue medications (NSAIDs, acetaminophen, and 2 (0-4.5) 1(0-3.75) 0.54
buprenorphine)

Note: *Data are presented as median (quartile range)

Despite the advent of laparoscopic and robotic sur-
gery, open colectomy continues to be performed world-
wide. Such procedures are associated with significant
postoperative pain. In 2016, the PROSPECT task force
proposed recommendations based on a systematic re-
view of 93 randomized controlled trials (RCTs) on pain
relief after open colectomy. Following registration on
PROSPERO (CRD4202338800), a systematic review of the
literature on analgesia after open colectomy was con-
ducted according to the PROSPECT methodology. Em-
base, MEDLINE, and Cochrane databases were searched
specifically for this study for RCTs published between
1 January 2016 and 1 January 2022. The analgesic regi-
men for open colectomy should include intraoperative
paracetamol and specific COX-2 inhibitors or NSAIDs
(colon surgery only), epidural anesthesia, and contin-
ued analgesia in the postoperative period using opioids
as rescue analgesics. If epidural anesthesia is not possi-
ble, bilateral TAP block or intravenous lidocaine is rec-
ommended. Safety issues should be emphasized: local
anesthetics should not be administered via two differ-
ent routes simultaneously. Careful dosing and monitor-
ing are necessary due to the risk of toxi-city [18].

An RCT by Li et al. shows that quadratus lumborum
block (QLB) is one of the modern methods of region-
al anesthesia that is used to control pain, both somatic
and visceral, in the abdominal area, including the lateral
and anterior parts, during urological surgeries.

Compared with the control group, postoperative so-
matic pain scores at both rest and cough were significant-
ly lower in the group of patients who received QLB block
via the lateral approach (at rest, median difference -1,
P<0.001; during cough, median difference -2 to -1, P<0.001)
and in patients who received QLB block via the posterior
approach (at rest, median difference -1, P<0.001; during
cough, median difference -2 to -1, P<0.001) (Figure 3) [19].

The use of opioids in the perioperative period is as-
sociated with increased postoperative nausea and vom-
iting, hyperalgesia and chronic pain after surgery, and
a variety of other adverse events, particularly relevant

in the recovery of patients who have undergone breast
cancer surgery. In an RCT by Zhang et al., the quality
of recovery of patients after breast cancer surgery ac-
cording to the QoR-15 (15-item Quality of Recovery)
scale was 100% among 40 patients who underwent
multimodal analgesia without opioids (NSAIDs + ultra-
sound-guided paravertebral block), and 82.5% among
40 patients in the control group (P=0.012) (Figure 4) [20].

However, even if US-guided paravertebral block is a
reliable method, failure of pain control isa common prob-
lem due to technical problems and insufficient personnel
training, and therefore, the procedure fails in 6-10% of
cases. Thus, paravertebral block with video-assisted tho-
racoscopy-VATS in patients undergoing lung tumor sur-
gery may be an option with the advantages of thoraco-
scopic direct visualization of the pleural cavity, ensuring
correct intercostal space definition and insertion depth,
especially in overweight patients with poor echogenic-
ity of US images. Pain scores on the visual analog scale
at rest and with cough at 4, 6, 12, and 48 hours after PVB
were similar in the two groups (Figure 5) [21].

A systematic review by BC Go et al. comparing multi-
modal analgesia with a control group (a total of 10 stud-
ies involving 1253 patients (multimodal analgesia group,
n=594; control group, n=659)) found that gabapentinoids
were the most commonly used drugs (72.9%), followed by
NSAIDs (44.6%), acetaminophen (44.3%), corticosteroids
(25.1%), ketamine (7.2%), and nerve blocks (3.4%). Eight
studies reported a significant reduction in postoperative
opioid use in the multimodal analgesia groups [23]. A me-
ta-analysis by CC Chang et al. found a 46% reduction in
the incidence of chronic postoperative pain compared
with acute pain after breast cancer surgery (95% Cl: 0.25-
0.85) [24]. Also, the combination of perioperative oral pre-
gabalin and postoperative S-ketamine effectively prevent-
ed chronic pain after breast cancer surgery and reduced
acute postoperative pain. It decreased postoperative opi-
oid consumption, although, according to the authors, the
data obtained were not analyzed in sufficient detail and
require larger-scale studies [25-27].
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Figure 3 — Numerical rating scale for assessing somatic pain
and visceral pain during the first 24 hours after surgery [19]
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Figure 4 - Distribution of patients by categories of quality of
recovery after surgery [20]
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Figure 5 — Postoperative pain according to a visual analog scale at rest (A) and with cough (B) at 4, 6, 12, 24, and
48 hours after video-assisted paravertebral block (VAPV) compared with ultrasound-guided VAPV [21]

Oukonorus u Paanonorus Kazaxcrana, Nel (75) 2025 105



OB30PbI JIMTEPATYPbI

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Treatment of postoperative pain after head and neck
cancer surgery is also a complex issue, along with oth-
er oncological diseases, requiring a careful balance be-
tween the analgesic properties and side effects of anal-
gesic drugs [22].

In recent years, intravenous lidocaine has become
part of opioid-sparing multimodal analgesia protocols,
and Wallon et al. conducted an RCT to assess morphine
requirements during the first 48 postoperative hours af-
ter intraoperative lidocaine infusion during major head
and neck cancer surgery involving 118 patients (lido-
caine n = 57; placebo n = 61). No significant difference
in morphine consumption during the first 48 hours after
surgery was observed in the lidocaine group compared
with the placebo group [28].

Discussion: Multimodal analgesia is a combination
of different pain relief methods that affect different
mechanisms of the pain process. In oncosurgery, mul-
timodal analgesia is used to minimize pain syndrome
and reduce the need for opioids, which can cause sever-
al undesirable side effects, such as addiction, respirato-
ry depression, and nausea.

Interfascial blocks (e.g., intercostal block of the fascia
between the pectoralis major and minor muscles) are an
important component of multimodal analgesia, allow-
ing effective pain control, especially in the chest area af-
ter chest surgery [29].

In Russian and foreign literature, various techniques
of interfascial blockades are described, such as paraver-
tebral blockades for patients with oncological diseases
of the chest, which have been proven to be highly effec-
tive in reducing postoperative pain syndrome and im-
proving the general condition of patients.

A.Yu. Morunova et al. compared the effectiveness
of interfascial erector spine plane (ESP)-block and CEA
since these methods not only effectively control pain
but also reduce the intensity of surgical stress, which
can affect the levels of stress markers, such as cortisol
and interleukin-6 (IL-6). The study revealed that the cor-
tisol level in patients receiving ESP-block and CEA was
within the normal range during surgery. A day later, the
cortisol level statistically significantly decreased in ESP-
block patients. On the 3rd day after surgery, a moder-
ate increase in cortisol levels was noted in patients of
both groups. In patients of the control group, who un-
derwent general anesthesia without regional pain re-
lief techniques, the IL-6 level during surgery was high-
est (p=0.012). A day after surgery, the highest IL-6 levels
were observed in patients in the ESP-block group. The
need for opioid analgesics was statistically significant-
ly higher in patients in the control group (p=0.004). Ad-
verse events in the form of urinary retention were re-
corded in 2 (6%) patients in the CEA group [30].

Conclusion: Interfascial blockades have proven to
be an important component of anesthetic manage-

ment, especially in minimizing postoperative pain and
accelerating recovery. In particular, in the context of
laparoscopic surgeries, where the impact on tissues is
minimal, but patients may experience significant pain
after the intervention, interfascial regional blockades
can significantly reduce the need for opioid analge-
sics, which reduces the risk of side effects and compli-
cations [31-32].

The introduction of these blocks into multimodal an-
algesia, especially in the context of the ERAS protocol,
aims to improve the postoperative recovery of patients,
which is especially important for cancer patients who
may experience more severe postoperative morbidity.
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AHJATIIA

OHKOJIOTUSITIBIK HAYKACTAPFA XUPYPTUSIJIBIK OTA ’KACAY KE3IH/IE
MYJBTUMOJAJIBI AHAJBIE3USTHBI KOJJIAHY/IBIH )KAHA ACTEKTLJIEPI:
OJIEBUETTEPTE HIOJTY

A.A. Apvinoé', A.UH. Aoopaxmanosa', A.A. O6indaesa’, I.A. Ceitdanuesa', B.B. Uypcun?

1«Ka3aK OHKONOrYs XaHe PAANoNoruA FolnbiMU-3epTTeY HCTUTYThI» AK, Anmartbl, KazakctaH Pecny6ankace;
2«C K. Acheramnapos atbiHaarbl KasYMY» KeAK, Anmarbl, KasakctaH Pecny6nmkach

Ozexminizi: Mynbmumooansovl ananrbee3us OHKOIOSUANLIK HAYKACMApPOd Onepayusoan Keuinei ayblpcvliyovl 06acKapyobiy
Manbi306l Kypaasl 6016in maodwvinadvl. On scanama ocepiepoi a3atimamolt, KAINbIHA KeAMIpyOi HcaKCapmamvli Heone onepayuiaoan
Keliinei Kke3eHo0e nayueHmmiy oMip cypy Canacvli JACaKcapmamoit Keuenoi mociioi ycolHaoul.

3epmmeyoin, makcamul: OHKONO2UANBIK XUPYPRUS YUIH MYTLINUMOOAIbOb AHANb2E3UANA2bL CINPATNE2UALAD MEH HCAHA ACneKminepoi
Kapacmuipamuli sHCyueni WonyiapoaH, Mema-manoayiapoar H#oHe paHooMUu3ayusiaH2an 0aKbliaHamvli ColHAKMAapoan azblmoaabl 0dell-
demenepoi 6ipikmipy. Manwvi3061 acnexm — Kamepii iCikke OQUIAHBICIbL ONEPAYUS HCACAT2AH HAYKACMAPOd ayblpCblHyObl eMOeyOily mMuimoi
90iCcmepiH aHbIKMay.

Adoicmepi: Kamepni icikke wanovblKKan HAYKACmapea Xupypeusivlk Oma dHacay Ke3iHoe MYIbMumMoodnibobl aHATb2e3UsHbIH
opmypai odicmepin KOIOAHY HCOHE CANbICMbIPY Homudiceaepine 6azvlmmanean paHOOMUu3ayuslLaH2an OAKbLIAHAMbIH CHIHAKMAP
Cochrane Library, PubMed, Embase snexmponowt b6azacvinoa 2019-2024 scviioap apanviebihoa asbliwblh MITIHOE HCApUAIAH2aH
Jicylient wonynap Mmen Mema-manoaynapovl AublKmay yulin i30ecmipinoi.

Homuowcenepi: Ipi evinvimu 3sepmmeynep MeH Mema-anaiuzoepoiy Oepekmepin Manday Homudxicecinoe Mynbmumooanrbobl
ananvee3ua0a OnuouOmvl cakmay o0iCmepiHiy apmuiKWbLIblebl, COHOAU-AK VIbMpaoblObICMblK OACKAPBIIAMbIH Nepugepusiiviy
610Ka0anapobl KeyineH KOIOAHbLILY bl AHLIKMAIObL.

Kopvimueinowi: Ayemamunogenmen dicone cmepoud emec Kabwvinyea xapcvl npenapammapmern (KKCII) oOipikmipineen
PONUBAKAUHMEH (AUMAKMBIK O10KA0ANaAp) ayvlpyovl 6ACYObIH MYTbMUMOOAIbObL CINAHOAPMMAL2aH d0iCi Kamepi iCIKKe XUpypeusivik
onepayus Hcacaniean HAyKacmapod aHaibeemukaiblk ocepee ue JHcone onepayuadan Ketlinei epme KabulHy peakyusiapoln muimoi
medicell anaobl HCOHe HCAZLIMCHI3 PEAKYUANLAD MeH ACKbIHYAAPObIY HCUINIZIH apmmMbIpMat, Onepayusoan Keiinei Kainvina keamipyee
bIKNAJL eme anaobl.

Tyuinoi cosdep: mynromumoOoanvbObl awaibeesus, Kamepii ICIKneH ayblpamvlH HAYKACMAp, YIbmpaovlOblcmulK OaKbliayMeH
AHCACATLIHAMBIH AUMAKMBIK 010Ka0anap.

AHHOTALUS

HOBBIE ACHEKTHI IPUMEHEHUS MYJbTUMOJAJIBHONU AHAJIBI'E3UN
ITPU OIIEPATUBHBIX BMEIHATEJIBCTBAX Y OHKOJIOI'MYECKHUX ITAIIMEHTOB:
OB30P JIUTEPATYPbI

A.A. Apvinos', A.H. A6opaxmanosa', A.A. déinoaesa', 3.A. Ceiidanuesa', B.B. Uypcun®

'AQ «Kazaxckuit HayyHblii MCCNENOBATENbCKII MHCTUTYT OHKONIOTWIA 11 paguonorun», Anmarbl, Pecny6anka Kasaxcrax;
ZHAQ «Ka3axckuit HaMoHanbHbI MeanLMHCKuii yHuepautet um. C.J1. Achenamnaposa, Anmarbl, Pecny6nuka Kazaxcran

Axkmyansnocme: Myismumooanvhas ananbee3us a6aaemcs 6aiCHbIM UHCIPYMEHMOM 8 NOCICONePayUOHHOM YNpasieHuy 001610
¥V oHKOM02UHecKux nayuenmos. Ona obecneyusaenm KOMNIEKCHBIU NOOX00, KOMOPbLIL MUHUMUZUPYem NobouHble dhghexmpl, yayuuaem
60CCMAHOBGICHUE U NOBIUACH. KAYeCMEO JICUHU NAYUCHNA 68 NOCLEONEPAYUOHHOM NEPUOOE.

Ilenv uccnedosanusn — o6obueHue aKmMyaibHblX OAHHLIX U3 CUCMEMAMUYECKUX 0030p08, Mema-aHaiu3o8 u
PAHOOMUZUPOBAHHBIX KOHMP OLUPYEMBIX UCCIeO0BAHULL, KOMOPbLE KACAIOMCS CIMPAMe2ul i HOBbLX ACNEKMO8 8 MYIbMUMOOAIbHOU
ananbee3uu npu OHKOI02UYEeCKUX ONepamuHulX gmMewamenbemeax. Bascnovim acnexmom oannoti pabomel sgnsemcs uisigaenue
ahhexmusnvlx Memo0oo8 ynpasienus 6ONe8blM CUHOPOMOM Y NAYUEHNOS, NePEeHeCcuiux Onepayuio Ha one OHKOLOZUYECKO20
3abonesanus.

Memoowvr: Bvui nposeden nouck 6 snexmponnvix 6azax oaunvix Cochrane Library, PubMed, Embase 0ns evisénrenus
PAHOOMUZUPOBAHHBIX KOHMPOIUPYEMBIX UCCTEO0BAHUN, CUCTEMAMUYECKUX 0030P08 U Mema-aHaIu308, OnyOIUKO8AHHbIX HA AHSTUNICKOM
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asvike ¢ 2019 no 2024 20061, 8 KOMOPLIX OCHOBHOE BHUMAHUE YOENANOCH Pe3YIbMAMAM NPUMEHEHUS U CPABHEHUS PA3TUUHBIX MEMOO08
MYTMUMOOATLHOU AHANbEE3UU NPU ONEPAMUBHBIX BMEUAMENbCMEAX Y NAYUEHNOE C OHKOIOSUYECKUMU 3A001e8AHUAMU.

Pesynomamui: B pesyibmame ananuza OAHHbIX KPYRHLIX HAYYHBIX UCCIEO0BAHUTL U Memd-aHAIu306 Obllo YCIMAHOBIEHO
npeumMyujecmeo onuouo-coepe2aruux mMemoodos 6 PamMKax MylbmMuMoOaIbHOU AHANb2E3 U, d MAKICe WUPOKOe PACHPOCMPAHeHUe
npumeHerus nepugepuieckux 610Kad, nPo8OOUMBIX NOO YIbMPA3EYKOBGLIM KOHMPOLEM.

3axnwuenue: MynvmumoOanvHulll CIMAHOAPMUSUPOBAHHBIIL MemoO0 00e3001U8anus PONUBAKAUHOM (pecuoHaphvie O10KAO0bl)
6 couemanui ¢ ayemoamuHoOpenom u HecmepouOHviMU npomusosocnaiumenvuvimu npenapamamu (HIIBII) okaszvieaem nyuuiuil
ananbee3upyowull spghexm na nayuenmos, nepeHecuiux OnepamueHble EMeuamenscmea o N800y OHKOI02UYECKUX 3a001e6aHull U
MOodKcem 3hhermueHo uHeUOUPOBAMb PAHHUE NOCIEONEPAYUOHHBLE BOCHATUMENbHYLE DEAKYUL U CHOCODCMBOBAND NOCIEONEPAYUOHHOMY
80CCMAHOBNEHUIO 0€3 YEeNUteHUs YACTOMbL NOOOYHBIX PeAKYUL U OCTOHCHEHU.

Kniouesvie cnosa: mynvmumooanvnas anaibee3us, nayueHmyl ¢ OHKOIO2UYECKUMU 3A001e6ANUAMU, Pe2UOHAPHble DI0KAObl NOO
Y3-kxonmponem.
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QUALITY CONTROL
IN MOLECULAR GENETICS LABORATORY:
A LITERATURE REVIEW

Z. DUSHIMOVA', M.O. ALHASSAN', R. ASYLKHAN", A. ARALBAEVA', A. SEITALIYEVA'
'Al-Farabi Kazakh National University, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Integrating molecular biomarkers with rigorous quality control (QC) measures in laboratory settings is essential for
enhancing early detection strategies and prognostic evaluation in cancer patients. Precision and QCin laboratory diagnostics of oncological
diseases have become particularly significant in the widespread implementation of targeted and personalized therapy.

The study aimed to review publications evaluating quality control in biomarker identification within molecular genetics laboratories,
using ovarian cancer diagnostics as a case study.

Methods: This systematic literature review conducted in the framework of this study revealed 220 records, leading to 165 unique
publications, of which 24 full-text articles were included in this review. The study followed Preferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 (PRISMA 2020) guidelines.

Results: All analyzed sources showed that Implementing QC, including calibration, internal controls, and proficiency testing provided by
the College of American Pathologists (CAP), significantly reduces errors despite ongoing funding constraints. The European Molecular Quality
Network (EMQN) and CAP jointly offer proficiency testing programs to evaluate laboratory performance globally, ensuring consistency and
reliability in testing outcomes.

Conclusion: Ensuring the accuracy and reliability of molecular diagnostic tests is critical in clinical settings, particularly for conditions
such as ovarian cancer, where precise genetic analysis informs both diagnosis and treatment. Further advancements in early detection
and personalized treatment can be achieved by integrating emerging technological innovations within robust QC framework, ultimately
improving patient outcomes. Consequently, the establishment of standardized guidelines and standard operating procedures for molecular

genetic testing, with a specific focus on the molecular genetic diagnosis of ovarian cancer, is imperative.
Keywords: molecular genetic testing, quality control (QC), BRCA1, BRCA2, polymerase chain reaction (PCR), next-generation sequencing

(NGS).

Introduction: Modern medical personalization
trends require the implementation and application of
advanced diagnostic technologies. In recent years, this
process has experienced significant advancements, no-
tably in oncology. Various biomarkers play a pivotal role
in personalization. Accurate detection of biomarkers
and genetic alterations, in particular, using advanced
and precise techniques of polymerase chain reaction
(PCR) and next-generation sequencing (NGS), relies on
stringent QC standards, which molecular genetics labo-
ratories must uphold to ensure diagnostic reliability [1,
2]. We utilized the diagnosis of biological and molecu-
lar markers in ovarian cancer as a case study, consider-
ing the unique characteristics of disease diagnosis and
progression, the application of detection methods, and
the critical role of molecular markers in therapeutic de-
cision-making.

The study aimed to review publications evaluating
quality control in biomarker identification within molecu-
lar genetics laboratories, using ovarian cancer diagnostics
as a case study.

Materials and Methods: A systematic review of liter-
ature conducted in the framework of this study revealed
220 records, leading to 165 unique publications, after
which 70 full-text papers were analyzed. The study fol-
lowed Preferred Reporting Items for Systematic Reviews

and Meta-Analyses 2020 (PRISMA 2020) guidelines [3]
to assess worldwide QC procedures in molecular genet-
ics laboratories that test for ovarian cancer. The research
contained 25 unrelated ovarian cancer studies, excluded
15 works without QC information, 12 studies with impre-
cise methods, and five articles predating 2015. Eight stud-
ies passing the Critical Appraisal Skills Programme (CASP)
checker with scores exceeding 80% were assembled for
synthesis [4].

Search strategy: Literature sources from the PubMed,
Scopus, Web of Science, and Google Scholar databases
published between 2015 and 2025 were reviewed and
analyzed. The research used the combination of “Qual-
ity Control” OR “Quality Assurance” together with “mo-
lecular genetics” OR “molecular diagnostics” supported
by “ovarian cancer” AND “laboratory practices.” A manual
citation search was also performed, and references were
organized using EndNote X9 to complete the research
process. [5].

Exclusion criteria: Studies that failed to show laboratory
or methodological details or were published before 2015
or in languages other than English were excluded.

Study selection process: The review proceeds through a
clear workflow, which makes its findings strong and con-
nected to the diagnostic QC of ovarian cancer, as shown
in Figure 1.
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Figure 1 - PRISMA flow diagram

Results:

Quality control protocols in molecular genetics laborato-
ries: With the rapid expansion of molecular genetic diag-
nostic methods in recent years, alongside the increasing
number of tests and panels, the implementation and in-
tegration of rigorous QC systems in laboratories have be-
come essential to ensure accuracy, reliability, and standard-
ization. Since implementing genetic testing, the interest in
and necessity for QC protocols to enhance testing accu-
racy have grown significantly. Figure 2 presents the evo-
lution of QC protocols in molecular genetics laboratories,
outlining key milestones in their development.

As shown in Figure 2, the Clinical Laboratory Improve-
ment Amendments (CLIA) of 1988 established founda-
tional standards, while the National Institutes of Health
(NIH) and the Department of Energy (DOE) in 1997 em-
phasized the importance of Quality Assurance [6]. In
2009, the Centers for Disease Control and Prevention
(CDQ) outlined best practices for laboratory quality man-
agement [7]. The Minimum Information for Publication
of Quantitative Real-Time Polymerase Chain Reaction Ex-
periments (MIQE) guidelines, introduced in 2010, stand-
ardized quantitative PCR methodologies, followed by
a QC framework in 2012 [8, 9]. The 2020 MIQE updates
further refined QC measures addressing digital PCR ad-
vancements [10].

QC measures in molecular genetics laboratories are
pivotal in maintaining assay integrity, minimizing diag-

nostic errors, and ensuring reproducibility across different
testing facilities.

External quality assessment (EQA) by organizations
such as the European Molecular Genetics Quality Network
(EMQN) and the College of American Pathologists (CAP) is
used to evaluate laboratory performance on a global lev-
el [11, 12]. These programs provide standardized proficien-
cy testing schemes that assess laboratory practices, mon-
itor test consistency, and identify improvement areas. By
benchmarking results against international standards,
EQA programs contribute to the harmonization of mo-
lecular diagnostics and reinforce best practices in genetic
testing. External quality assessments from CAP and EMQN
strive to improve worldwide measurement standards by
accrediting laboratories through proficiency testing pro-
grams that protect pathology and laboratory medicine
quality. Programs and their brief description are shown in
Table 1.

QC programs in laboratories typically comprise three
distinct phases. The accuracy of molecular diagnostic
equipment is contingent on stringent calibration protocols.

Laboratories in the United States and Europe adhere to
International Organization for Standardization (ISO) guide-
lines, such as ISO 15189, to maintain thermal precision in
PCR machines. These calibration standards are essential
for ensuring consistent amplification conditions, thereby
reducing variability in test results and enhancing diagnos-
tic accuracy [13].
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Figure 2 — Evolution of QC protocols used in Molecular Genetics Laboratories
Table 1 - External quality control programs and guidelines
Program Description Source
Provides accreditation and proficiency testing for pathology and CAP

College of American Pathologists

laboratory medicine.

European Molecular Genetics Quality Network

Offers external quality assessment for molecular genetics laboratories.

EMQN

Reliable molecular testing depends on rigorous assay
validation and contamination detection protocols. Labo-
ratories worldwide implement positive and negative con-
trol sample testing to assess assay performance and de-

tect potential contaminants. Well-characterized reference
samples ensure that molecular assays produce consistent
and reproducible results, further strengthening diagnostic
reliability [2]. QC phases are provided in Table 2.

Table 2 - Quality control protocols in molecular genetics laboratories

Quality control protocol Description

Global examples

Calibration

Regular calibration of equipment to maintain accuracy.| Laboratories in the USA and Europe follow ISO

standards for calibration.

Internal Controls

Use of positive and negative controls in each assay to

Widely implemented in accredited molecular genetics

validate results. labs globally.
Proficiency Testing Participation in external quality assessment schemes | Programs like EMQN and CAP offer proficiency testing
to benchmark performance. worldwide.

Key findings from studies on quality control in molec-
ular genetics laboratories for ovarian cancer diagnostics.
With the advancement of novel diagnostic methodolo-
gies for ovarian cancer, the standards and requirements
for quality control programs have undergone signifi-
cant evolution. The analyzed studies underscore signif-
icant advancements in genetic testing and QC systems,
particularly molecular genetic diagnostics of ovarian
cancer, regardless of techniques and methods used. In
2015, Strom et al. reported that NGS achieved 99% accu-
racy in detecting BRCA1 and BRCA2 using strict control
systems and calibration methods [14]. Other study using
multigene panel testing, showed that this panel matched
95% of all results obtained through Sanger sequencing
but highlights the necessity for standardization practices
[15]. According to C.R. Marshall et al., Whole Genome Se-
quencing provided 98% sensitivity, improving by regular-

ly implementing QC procedures [16]. D. Grafodatskaya et
al. stated that testing accuracy for BRCAT and BRCA2 im-
proved when EQA was adopted along with a Limit of De-
tection that exceeded 10% [17].In 2023, E.T. Kim et al. ver-
ified the use of NGS to analyze BRCAT and BRCA2 genes in
formalin-fixed paraffin-embedded samples by reaching
99% accuracy rates at sequencing depths exceeding 40x,
eliminating unnecessary false positive test results [18].
The data from the Menon & Brash study (2023) showed
that extended sequencing depth above 1000x and addi-
tional strict QC serve to reduce errors during rare variant
detection [19]. And more recent study, published in 2024
by T. McDevitt et al. demonstrated reliable genetic test-
ing through paired analysis by following EMQN guide-
lines and ISO 15189 standards to achieve maximum an-
alytical sensitivity [20]. Key findings are documented in
Table 3.
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Table 3 - Key findings from studies on quality control (QC) in molecular genetics laboratories for ovarian cancer diagnostics

Authors

Key findings

Lincoln et al., 2015

Hereditary ovarian cancer testing through multigene panels detects more conditions yet needs strong QC
procedures to achieve 95% accuracy compared to Sanger testing methods.

Strom et al., 2015

The NGS assay for BRCA1/2 reached 99% accuracy during validation through proper control implementation and
calibration procedures that enhanced laboratory reliability to identify rare variants.

Marshall et al., 2020

analysis.

The validation of Whole Genome Sequencing technology requires specific performance metrics to reach a
sensitivity level of 98% when combined with standard QC procedures for complete ovarian cancer genetic

Grafodatskaya et al.,
ovarian cancer.

EQA should be applied along with a Low Limit of Detection 210% to improve the accuracy of BRCA1/2 testing for

Kim et al., 2023

The precision of NGS validation for BRCA in ovarian FFPE reaches 99% accuracy when the QC depth exceeds 40x.

Menon & Brash, 2023

The evaluation of NGS QC focuses on mutation detection at frequencies under 1000x depth and utilizes controls
to prevent errors in ovarian cancer variant identification.

McDevitt et al., 2024

Applying EMQN guidelines requires implementing ISO 15189 standards, EQA participation, and paired testing for
ovarian cancer, ensuring high analytical sensitivity.

Discussion: Despite significant progress in establish-
ing QC systems worldwide and accuracy levels of BRCA V2
mutations with 99% detection achieved through NGS mir-
ror global findings, some laboratories face technical dif-
ficulties that differ from the international research focus
and align with resource constraints discussion [18-19, 21,
22]. The combined initiative of standardization practice us-
ing CAP and EMQN frameworks establishes a comprehen-
sive system beyond the diverse perspectives described by
different authors [15, 21]. The work by Wang X in 2024 and
Hamidi et al. (2023), along with other emerging technolo-
gies, puts this study ahead of domestic biomarker research
while demonstrating the significance of QC for precision
medicine advancement [23, 24].

Conclusion: In recent years, molecular genetic research
has been increasingly incorporated into the routine prac-
tice of oncology institutions in the Republic of Kazakhstan,
as well as into diagnostic and treatment protocols for onco-
logical diseases, particularly ovarian cancer. Ensuring the ac-
curacy and reliability of molecular diagnostic tests is critical
in clinical settings, particularly for conditions such as ovar-
ian cancer, where precise genetic analysis informs both di-
agnosis and treatment. Standardized protocols, combined
with calibration, internal controls, and proficiency testing,
enhance diagnostic accuracy, as demonstrated by global re-
search studies. The continuity of laboratory standardization
relies on sustained efforts aligned with international quali-
ty benchmarks, such as ISO 15189, CAP, and EMQN. Further
advancements in early detection and personalized treat-
ment can be achieved by integrating emerging technolog-
ical innovations within a robust QC framework, ultimately
improving patient outcomes.
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AHJATIIA

MOJVIEKYJIAJIBIK TEHETUKA 3EPTXAHACBIHJIAFbBI CAITAHBI BAKBIJIAY:
9JEBUETKE IOJY

3. Iymumosa', M.O. Alhassan', P. Acviixan', A. Apanobaesa', A. Ceumanuesa’

1«3n-Oapabu atbiHparbl Kasak ynTTblK yHusepcuteti» KEAK, Anmarbl, Kasakctan

Ozexminizi: OHKOIO02UANBIK Nayuenmmepoe epme OUASHOCIMUKALAY MeH O0#Camobl 6a2anayovly MuiMOiiein apmmulpy Yulin
MONEKYNANbIK GuoMaprepnepoi anblKmayobl 3ePMXAHAIBIK JHCa20auiapoa canamvl Kamay O0axvliaymeHn OIpikmipy aca Manbl30bl.
Onkono2usnblK, aypynapovl 3epmxaHanbly OUdeHOCMUKAiayoa 0910iK nen cananvl 6AKblAAY, HbICAHATLL JcoHe OepbecmeHdipinceH

mepanusnsl Keyiner eneisy asaculnoa, epexuie monee ue 601yoa.

3epmmey maxcamwvl — ananvlk 0e3 00bIPLIH OUACHOCMUKANAY MbICAIBIHOA MOIEKYIANbIK-2EHeMUKATbIK 3ePMXAHaiapod
buomaprepoi udeHmupuUKayusaLay canacvlh 0aKpliayovl 6a2aiayed aApHaI2aH HeApuAIAHbIMOapPObL ULOTLY.

Adoicmepi: Ocvl 3epmmey aacvinoa xHcypeizineen ocytieni aoebuemmepee wony 220 scaszdanvl aHbIKMaowsl, Homudcecinoe 165
Oipezeil HcapuAnanbIMOap anblHobl, OHbIY iwinde 24 monvlk MOMIHOI MAKANA OCbL WOY2d KOCLLIObL. 3epmmey dicytieni monyiap Men
mema-manoaynap 2020 (PRISMA 2020) ywin apmuikusiavikmol ecen 6epy snemeHmmepi YColHLIMOAPbIHA COUKeC JHCypei3inoi.

Homuorcenepi: Cananvt daxwinay (Quality Control, QC) wapanapvin enzisy, comvly iwinoe xaaubdpney, iwki 0aKuliay dHcoHe

binikminikmi mecminey, Amepuxanowix namonoemap xkonneddxuciniy (CAP) ycolHbIMOapbii natoaiana omslpuln jcypeiziieen dcaz0aiod,
KamenikmepOiy caubin aumapavikmail azaiumaovl. Kapoicwviianovipyoazel wexkmeyiepee Kapamacman, Eyponanvlk monexyianviy
cana ocenici (EMQON) owcone CAP 3epmxananvix moxcipubeni 2anamovix deyeelioe bazanayza bazvimman2an OLNiKminikmi mecminey
bazoapramanapein YCoiHaowl, Oy OUASHOCMUKALBIK, HOMUNCENEPOIH YUIeCiMOINiel MEH CeHIMOLLI2IH KaMmamacol3 emeol.

Kopvimuinovi: Knunuxanvlk npakmuxaoa MoaeKyianblk-2eHemuKaiblK, OUdeHOCMUKAIbIK mecmmepoiy 0910iel MeH CeHiMOLniein
Kammamacels emy ome Maywi30bl, ocipece ananvik 6e3 Kamepai iciei cuaxmel aypyiapod, onod HAKMbl 2eHemMUKANblK manoay
OUACHOCTNUKANBIK, JiCOHe eMOey Cmpameusculn aunblkmaiovl. Epme Ouacnocmukanay men Oepbecmendipineen mepanuaddebl
00aH 8pi dcemicmikmep HCAHA MEXHONOSUAILIK UHHOBAYUALAPOLL CEeHIMOI cananvl Oaxwliay oicyliecimen OIpIKmipy apKblivl
Jrcy3€2e acbIPuliybl MYMKIH, Oyl aKblp COHbIHOA nayuenmmepoi emoey Homudcenepin sxcaxcapmyaa oxenedi. Ocvizan 6auIaAHbICIbI
MONEKYNANbIK-2eHeMUKANbIK mecmineyoiy, ocipece ananvik 6e3 Kamepni iciein OuaeHOCMUKANAy2a apHaiedn, CMAaHOApmmanzau
HYCKayIblKMapbl MeH cmaHoapmmaul Onepayusibly npoyeoypailapuit o3ipiey e3ekmi opi Kascemmi Minoem 60.16in maowuliaobi.

Tyuinoi cezoep: Monexynanvik-ecenemuxanvix mecminey, canawvt 6axviaay (QC), BRCAI, BRCA2, noaumepasanvik mizoexmi
peaxyus (PCR), keneci ypnaxmuoly cexeenupneyi (NGS).

AHHOTANUSA

KOHTPOJIb KAYECTBA B IABOPATOPUY MOJIEKYJISIPHOM 'EHETHKMU:
OB30P JIUTEPATYPBI

3. lywmumosa', M.O. Alhassan', P. Acvinxan', A. Apanbaesa', A. Ceiimanuesa’
THAO «Ka3axckuii HawmoHanbHbIil yHUBEPCUTET UMeHH anb-Oapabi, Anmarsl, Kasaxcrau

Axmyansnocme: Humeepayus oemexkyuu MOIEKYIAPHBIX OUOMAPKEPOE CO CIMPOSUM KOHMPOIEM KAUeCMEd 6 YCA08UAX 1aDopamopuu
MONEKYIAPHOU 2eHeMUKU UMeen KIyegoe 3Hauenue O NosbluleHus 3pdekmuenocmu panHeli OUAeHOCMUKU U OYEHKU NPOSHO3d
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V OHKOZO2UYeCKux nayuenmos. TouHocmb U KOHMPOb Kauecmed 6 1abopamopHol OUASHOCIMUKE OHKOIOZUYECKUX 3a60/e6anull
npuodpemaiom oco6yio 3HAHUMOCMb 8 CE53U C UWUPOKUM 6HEOPEHUeM MAP2eMHOU U NePCOHANUSUPOBAHHOU MePanuu.

Ilenv uccnedosanus — 0030p nyOIuUKayull, NOCGAUJCHHBIX OYeHKe KOHMPOIA Kadecmed udeHmudurayuu OUOMaApKepos 6
1a6Opamopusix MOAEKYIAPHOU 2eHeMUKU HA NpuMepe OUA2HOCMUKY PAKA SIUYHUKOS.

Memoowvi: Cucmemamuyeckuii 0630p qumepamypbi, NPO8EOeHHbIll 8 PAMKAX OAHHO20 Uccae008anus, eviaeun 220 3anuceil, 4mo
npueeno Kk 165 ynuxanvuvlym nyorukayusm, u3 KOmopuix 24 noiHomexcmoswix cmamoiu 6blau 6KAI0UeHbL 8 OanHblll 0030p. Hccrnedosanue
npogoounocy, ¢ coomeemcmeuu ¢ pekomenoayuamu Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
(PRISMA 2020).

Pes3yromamui: Breopenue mep xommpons xauecmea (Quality Control, QC), ekniouas Kanubpo6Ky, HYMpPeHHUll KOHMpPOib U
mecmuposanue Keanupurkayuu, ucnonv3ys pekomenoayuu Konnedoica amepuxanckux namonoeos (CAP), cywecmeenno chudicaem
KOAUYecmgo ouuboK, HeCMOMPsL HA COXPAHIOWUECs: 02panudeHus 6 unancuposanuu. Eeponetickas MOLeKyIsapHas cemb Kaiecmed
(EMQON) cosmecmno ¢ CAP npednacarom npocpammvl mecmupo8aHus K8AIUDUKAYUU, HANPAGICHHbIE HA OYEHKY 1A00pamopHOl
NPAKMUKU 8 2100a1bHOM Macumabde, 06ecneyusast Co2Aaco8ARHOCMb U HAOEICHOCHb Pe3YIbManos meCmupo8anusl.

3aknrouenue: Obecneyernie mouHOCMU U HAOEICHOCTUMONEKYISIPHO-2EHEMUYECKUX OUACHOCIUYECKUX MECMO8 KPUMUYECKU BAICHO
6 KAUHUYECKOU NPaKkmuke, 0COOEHHO npu 3a601e6aAHUAX, MAKUX KAK PAK AUYHUKOG, 20€ MOUHbLI eHeMUYeCKull aHaiu3 onpeoeisem
cmpamezuio OUA2HOCMUKY U AedyeHust. [anvhetiuue 00CMUdCeHust 6 PAHHEeM GblAGIeHUU U NePCOHATUSUPOBAHHOU MEPANnUU MOZYN
6b1mb doCmMueHYmMbl 3a Cuem UHmMe2Payuy HOGblX MeXHOI0SUYECKUX UHHOBAYULL 8 PAMKAX HAOEIHCHOU CUCTeMbl KOHMPOJs Ka1ecmed,
4mo 6 KOHeUHOM umoze npugeodenm K VIYUUeHUulo pe3yibmamos aevenus nayuenmog. Ciedosamenbro, pazpabomea cmanoapmmoix
PYKOBOOCME U CMAHOAPMHBIX ONEPAYUOHHBIX NPOYEOYP 05l MOLEKVISAPHO-2EHEMUYECKO20 MeCmMUpOBAtUsl, ¢ 0COObIM AKYEHMOM HA
OUAHOCMUKY PAKA AUYHUKOS, AGIAeMC s HACYWHOU HeoOX00UMOCmbIO.

Knwuegvle cnosa: monexynsapno-eenemuueckoe mecmuposamue, koumpons kavecmea, BRCAI, BRCA2, nonumepasnas yennas
peaxyus (IIL[P), cexeenuposanue nogozo noxonenus (NGS).
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INTRAOPERATIVE FLUORESCENT CONTRASTING
FOR PRIMARY AND SECONDARY BRAIN TUMORS:
A LITERATURE REVIEW

Y. DYUSSEMBEKOV'?, D. DUBCHEV*', Y. ALGAZIYEV'?, D. DUBCHEVA', S.0. OSSIKBAYEVA?

'Asfendiyarov Kazakh National Medical University, Aimaty, the Republic of Kazakhstan;
ZCity Clinical Hospital No. 7 of Almaty, the Republic of Kazakhstan;
°AO 3Kazakh Institute of Oncology and Radiology, Almaty, the Republic of Kazakhstan

ABSTRACT

Relevance: Surgical resection of a brain tumor that is as radical and safe as possible remains an important step in the treatment of
patients with primary and secondary brain tumors. It is difficult to distinguish tumor tissue from normal brain tissue during surgery using
traditional white light microscopy. Intraoperative fluorescent contrast enhancement methods for brain tumors are used in real-time during
the operation to overcome this limitation without disrupting the workflow. Several fluorescent drugs have been studied in recent decades,

including 5-aminolevulinic acid (5-ALA), sodium fluorescein, and indocyanine green.

The study aimed to evaluate the experience of using intraoperative fluorescent contrast at the present and diagnostic capabilities,
significance, application, and development prospects for primary and secondary brain tumors based on an analysis of literature data.

Methods: A systematic search of publications in the MEDLINE/PubMed database was performed using keywords related to the results
of fluorescence contrasting in brain tumors with potential clinical significance.

Results: According to the literature review, 5-ALA has been the most studied drug among the listed fluorescent drugs. It is approved
for use in different countries for intraoperative fluorescent contrast of grade III and IV malignancy glial tumors. Package Inserts do
not indicate using 5-ALA to treat primary and secondary brain tumors of other histological structures or using sodium fluorescein and
indocyanine green to treat brain tumors. However, the literature analysis demonstrates a large experience of their successful use.

Conclusion: Fluorescent contrast of primary and secondary brain tumors is a new, promising, and insufficiently studied method of
visualizing brain tumor tissue during surgery in real time. Studying the possibilities and features of fluorescent contrasting primary and
secondary brain tumors is a relevant and promising area of study, and its implementation in practice will improve treatment results.

Keywords: fluorescence-guided surgery, brain tumor; brain metastases, aminolaevulinic acid (5-ALA), sodium fluorescein, indocyanine

green, fluorescence.

Introduction: Treatment of malignant primary and
secondary central nervous system (CNS) tumors is an ur-
gent problem. According to the Register of Cancer Pa-
tients of Kazakh Institute of Oncology and Radiology (Ka-
zIOR, Almaty, Kazakhstan) for 2020-2023, the incidence of
central nervous system malignant neoplasms (CNS MNs)
in the Republic of Kazakhstan (RK) is about 800 new cas-
es annually with an upward trend (815 cases in 2022) and
reaches 4.0-4.2 cases per 100 thousand population. Mor-
tality from CNS MNs in dynamics decreased from 2.1 per
100 thousand population (388 cases) in 2020 to 1.6 per
100 thousand population (320 cases) in 2023. Surgical
treatment was performed on patients as monotherapy
and as part of complex and combined treatment. In dy-
namics, there is an increase in the number of cases of sur-
gical treatment performed from 69% in 2020 to 83.5% in
2023 [1, 2] (Figures 1-3).

A decrease in mortality from CNS MNs with increasing
morbidity rates indicates an improvement in the quality
of neuro-oncologic care in the Republic of Kazakhstan.
The graphs show that the growth of neurosurgical care in
combination with chemotherapy and radiation therapy
plays an important role in achieving this. Improving the
quality of neurosurgical care is a significant component

of further improving the treatment outcomes in patients
with primary and secondary brain tumors.

One of the main goals of neurosurgical intervention in
brain neoplasms is the most possible radical and safe tu-
mor resection. At the same time, the effectiveness of sur-
gical intervention is limited by infiltrative tumor growth
and the impossibility of total resection without damag-
ing healthy brain tissue. As a result of damage to func-
tionally significant areas of the brain, neurological defi-
cits and disability of patients may develop, and in case
of damage to vital areas - death. It is paramount to de-
termine the extent of resection during surgery, especial-
ly at the border of the tumor and healthy tissue. The ab-
sence of a clear border characterizes infiltrative tumor
growth. Differentiating tumor tissue from normal brain
tissue during surgery using conventional white light mi-
croscopy is challenging. Intraoperative fluorescence con-
trast (IFC) techniques for tumors have been developed
and used [3-28] to overcome this limitation.

The study aimed to evaluate the experience of using
intraoperative fluorescence contrasting at the present
stage, diagnostic capabilities, significance, application
and development prospects in primary and secondary
brain tumors based on the analysis of literature data.
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Figure 1 — Incidence of central nervous system malignant neoplasms
in the Republic of Kazakhstan, 2020-2023 (4.0-4.2 cases per 100 thousand
population), according to KazIOR Register
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Figure 2 — Mortality from central nervous system malignant neoplasms in
the Republic of Kazakhstan (1.6-2.1 cases per 100 thousand population),
according to KazIOR Register
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Figure 3 - Types of treatment for central nervous system malignant neoplasms
in the Republic of Kazakhstan, 2020-2023, according to KazIOR Register

Materials and methods: We systematically searched
publications from the MEDLINE/PubMed database us-
ing keywords related to fluorescence contrasting in
brain tumors with potential clinical significance. Thir-

ty-three publications were selected and analyzed for
the study.

Results: The method of IFC of primary and second-
ary brain tumors is based on the ability of the fluores-
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cent drug to accumulate in places of permeability viola-
tion of the blood-brain barrier (BBB) and tumor cells of
the brain, as well as its ability to fluoresce when exposed
to light of a certain wavelength. After a certain time, the
drug is injected into the body, accumulating in the tu-
mor tissue and on the border of the tumor in places of
damaged BBB. Then, during surgery, the light of a certain
wavelength causes luminescence (fluorescence) with the
light of a different wavelength (a different color), con-
trasting tumor tissue against the background of healthy
brain tissue.

IFC enables the surgeon to visualize the tumor tissue
in real-time during surgery and perform the safest and
most effective tumor resection possible. The amount of
accumulated drug determines the fluorescence intensi-
ty and indicates the peculiarities of the histological struc-
ture and metabolism of the tumor [3, 5-18].

One of the side effects of using fluorescent drugs is
photosensitization and phototoxicity, which can be used
for therapeutic purposes, and intraoperative photody-
namic therapy (PDT) can be performed. The concept of
PDT is that the fluorescent agent accumulates in malig-
nant cells, which become sensitized to exposure to visi-
ble light, and upon light exposure (during PDT), the tu-
mor cells remaining in the infiltration zone after surgical
resection die. In contrast, healthy and functionally impor-
tant brain cells remain intact [7].

According to selected literature sources, fluorescent
agents such as 5-aminolevulinic acid (5-ALA), Sodium
Fluorescein (SF), and Indocyanine green (ICG) are used for
IFC and visualization of primary and secondary brain tu-
mors. The diagnostic capabilities, methodology, and fea-
tures of using IFC to treat primary and secondary brain
tumors are described.

5-ALA, SF, and ICG are considered safe and approved
for use in many countries worldwide. However, according
to the instructions for use, only 5-ALA is indicated for vis-
ualization of malignant glioma tissue (WHO grade Ill and
IV). 5-ALA is registered in the Republic of Kazakhstan un-
der the “Gliolan” trade name, reg. No. PK-JIC-5 No. 024769
[19]. According to the user instructions, SF and ICG are
used to study and assess blood flow in various organs,
including the choroid of the eye and cerebral vessels,
whereas their use for IFC of brain tumor tissue is not list-
ed among the indications [20, 21]. SF and ICG are not reg-
istered in the Republic of Kazakhstan.

The conducted analysis of the literature revealed a
sufficient number of publications on the effective use of
IFC with 5-ALA, SF, and ICG in the treatment of primary
and secondary brain tumors of various histological types,
which show development potential and require further
study and expansion of indications for use.

The available data on the use of 5-ALA in the treat-
ment of primary and secondary brain tumors is based
on biosynthesis and tumor selectivity: 5-ALA is a precur-
sor of the fluorescent and phototoxic protoporphyrin IX
(PplIX) in the heme biosynthesis pathway and is a natural

metabolite of hemoglobin in the human body. When ad-
ministered orally, 5-ALA crosses the blood-brain barrier
(BBB) and the tumor-brain interface, is absorbed by ma-
lignant tumor cells, and is metabolized in the mitochon-
dria into the fluorescent metabolite PplIX. Increased pro-
duction and accumulation of PpIX in tumor cells allows
for visualization of violet-red fluorescence of tumor tis-
sue after excitation with blue light at a wavelength of 405
nm. [5, 6, 22].

Procedure: three to four hours before anesthesia,
5-ALA is dissolved in 50 ml of drinking water and admin-
istered orally at 20 mg/kg of body weight.

During surgery, at the tumor removal stage, a micro-
scope with a light emission of 440 - 460 nm at 1% inten-
sity is used for the IFC of the tumor. At the same time,
tissues with areas of fluorescence of different intensities
and colors can be visualized in real-time. In the pres-
ence of PplX, red fluorescence will be observed with
peaks at 635 and 705 nm. In the surgical field, one can
observe with the naked eye the blue light with a wave-
length of about 450 nm emitted by the excitation light
source, green fluorescence from endogenous fluoro-
phores, and red fluorescence caused by PpIX [3, 5-11, 14,
15, 22-29].

Based on the intraoperative real-time data of tumor
fluorescence contrast, the surgeon visually identifies, by
fluorescence intensity, areas with the highest density of
tumor cells, healthy brain tissue, and the infiltration zone.
This enables optimal decision-making regarding the ex-
tent of maximal possible tumor resection with minimal
damage to functionally important brain tissue.

In cases of insufficient fluorescence intensity, the sen-
sitivity of IFC of brain tumors using 5-ALA can be im-
proved by reducing the intensity of the excitation blue
light. For “non-fluorescent” tumors, more sensitive meth-
ods of PplX detection, such as fluorescence spectrosco-
py, may be helpful [6].

Interpretation of IFC data for brain tumors using 5-ALA
depends on fluorescence intensity. The amount of PplIX
accumulation and the fluorescence intensity depends on
the nature and type of tumor growth. Thus, “strong” flu-
orescence is most characteristic of solidly proliferating
tumors with a high density of tumor cells, while “weak”
fluorescence is typical of infiltrative tumors with moder-
ate tumor cell density. The current IFC method can only
characterize the fluorescence intensity but cannot make
a quantitative assessment. Neurosurgeons usually distin-
guish three levels of fluorescence intensity: strong, un-
certain (or weak), and no fluorescence, corresponding to
solid tumor, infiltration zone, and normal brain, respec-
tively [6, 71.

Despite the high diagnostic value of IFC, the possi-
bility of false-positive and false-negative fluorescence
must be considered. False-positive fluorescence may oc-
cur close to tumor cells; reactive astrocytes (e.g., radia-
tion necrosis tissue) may produce false-positive fluores-
cence. In rare cases, autofluorescence of normal healthy
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tissue may be observed. False-negative fluorescence may
occur:

—in tumors with diffuse-infiltrative growth patternsin
areas with low tumor cell infiltration density. In such cas-
es, spectroscopy may be used to improve diagnostic ac-
curacy. This is also observed in low-grade gliomas, which
are usually not visualized using standard violet-blue light.

—inthe presence of structural barriers interfering with
visualization, such as blood, overhanging parts of healthy
brain tissue, etc.;

- due to a bleaching effect — where fluorescence
diminishes under exposure to blue light at 400 nm or
standard white light. Bleaching up to 36% may occur af-
ter exposure to blue light for more than 25 minutes and
over 87 minutes under standard white light;

- if surgery begins too early (less than 2 hours) or too
late, false-negative fluorescence may occur since 5-ALA
reaches its peak plasma concentration 4 hours after in-
gestion; however, sufficient fluorescence may still be ob-
served even after 12 hours [6].

Features of surgery with 5-ALA:

- the patient receives not a fluorochrome but its
non-fluorescent precursor, which ensures higher con-
trast between tumor cells and healthy brain tissue due to
the absence of nonspecific background fluorescence as-
sociated with fluorescent agents in the blood and inter-
stitial space;

- there is selective accumulation of PpIX in tumor tis-
sue at the cellular level;

- to prevent functional neurological deficits after sur-
gery, functionally important brain areas potentially infil-
trated by malignant cells must be considered, and once
functioning brain areas are detected, tumor resection
must be discontinued, even in the presence of fluores-
cence;

- it is necessary to dim the lights to avoid reflections
that could be mistaken for PpIX fluorescence [6, 7].

Experience with the use of 5-ALA for IFC of primary
and secondary brain tumors according to literature data:
According to its instructions for use, 5-ALA is indicated
for IFC of WHO grade lll or IV gliomas; however, literature
analysis shows that 5-ALA is also successfully used for IFC
of primary and secondary brain tumors of other histolog-
ical types [6 - 9].

R. Diez Valle et al. (2019) analyzed more than 300 arti-
cles on 5-ALA use and concluded that IFC of high-grade
gliomas is a reliable and reproducible method that can
influence the extent of tumor resection and patient out-
comes. At the same time, IFC with 5-ALA for other tumor
types requires further development [24].

H.A. Shah et al. (2022) conducted a systematic re-
view on using 5-ALA for fluorescence-guided resection
of brain metastases. Based on the analysis of 10 selected
studies involving 631 patients, they noted that 5-ALA flu-
orescence rates for brain metastases ranged from 27.6%
to 86.9%, depending on tumor type variability. None of
the studies concluded that using 5-ALA improved surgi-

cal outcomes or survival. It has been concluded that cur-
rent studies on using 5-ALA for brain metastases are lim-
ited and do not confirm the effectiveness in improving
the extent of resection or postoperative survival and that
fluorescence intensity varies depending on the tumor
type. They highlight the need for further investigation
into the benefits of IFC using 5-ALA for specific histolog-
ical tumor types and the study of the diagnostic value of
quantitative fluorescence assessment [23].

Based on data from 19 publications covering 175 sur-
geries performed under 5-ALA fluorescence guidance in
pediatric tumors, M. Schwake et al. (2019) noted that this
technique facilitates tumor identification during surgery
and was useful in 78% of glioblastomas, 71% of WHO
grade lll anaplastic ependymomas, while its usefulness in
pilocytic astrocytomas and medulloblastomas was lower
- 12% and 22%, respectively [9].

F. Marhold et al. (2022) studied 29 cases of 5-ALA fluo-
rescence contrast in brain melanoma metastases. Visible
fluorescence was observed in only 28% of cases, while in
72%, it was absent. Analysis showed that the presence or
absence of fluorescence was not associated with the de-
gree of pigmentation, intratumoral hemosiderin, or hem-
orrhage [25].

Despite the low diagnostic value of 5-ALA fluores-
cence contrast in brain melanoma metastases, in the
study by J. Takahashi et al. (2019), the therapeutic effec-
tiveness of 5-ALA in PDT for brain melanoma metastases
was demonstrated in an experimental setting [26].

M.A. Kamp et al. (2016) analyzed 84 cases of 5-ALA flu-
orescence contrast in brain metastases. Strong or weak
fluorescence was noted in 40.5% of cases, while in 59.5%,
no fluorescence was observed. The primary site and his-
tological type of metastasis did not correlate with fluo-
rescence behavior. A significant correlation was found
between 5-ALA fluorescence and the local tumor pro-
gression rate in the brain. Patients with 5-ALA-negative
metastases had a higher risk of local recurrence com-
pared to 5-ALA-positive metastases [28].

In 2019, A. Boschi and A. Della Puppa conducted a lit-
erature review on using 5-ALA for IFC of brain tumors and
concluded that this agent may be beneficial not only for
WHO grade lll and IV gliomas but also for tumors of other
histological types. High efficacy was noted in low-grade
gliomas with areas of anaplasia, meningiomas with pa-
renchymal infiltration or skull bone invasion, ependymo-
mas, lymphomas, and pediatric tumors [30].

Thus, despite mixed results in the use of 5-ALA in the
treatment of low-grade gliomas and brain metastases,
authors agree that this issue requires further investiga-
tion into the diagnostic value of the method for tumors
of different histological types [5, 7, 9, 22, 25, 27, 29-31].
They point to the potential for expanding the application
in cases of negative fluorescence by using more sensitive
fluorescence detection methods [6, 7, 10]. The potential
for the therapeutic use of 5-ALA in photodynamic thera-
py is also emphasized separately [7, 26].
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The literature analysis showed that 5-ALA, SF, and ICG
are also used for fluorescence contrast of brain tumors
[12-18, 27,30, 31].

Currently, it is believed that SF and ICG penetrate
and accumulate in the intercellular space in areas of
the brain where the BBB is disrupted, which allows vis-
ualization of tumor margins during fluorescence imag-
ing, similar to the contrast enhancement observed with
gadolinium-enhanced MRI [12, 14, 15, 17]. Lower cost
compared to 5-ALA, non-toxicity, ease of use (intrave-

nous administration during surgery), and a wide range
of diagnostic capabilities covering all contrast-enhanc-
ing brain lesions with BBB disruption are reasons for the
growing interest in using these fluorochromes for IFC
in the treatment of primary and secondary brain tum-
ors [12 - 18].

SF is excited by light at 460 - 500 nm wavelength and
fluoresces green at 540 - 690 nm. A visual representation
of glioblastoma under fluorescence contrast using 5-ALA
and SF is shown in Figure 4 [14].

Figure 4 — View of tumor and healthy tissue during intraoperative fluorescence contrast of glioblastoma: A — under
white light; B — under blue light with 5-ALA, red glow on a blue background is observed; C — under yellow light with
Sodium Fluorescein, the tumor glows green on a yellow background [14].

SF is administered intravenously during anesthesia
before surgery, after which the agent accumulates in ar-
eas of BBB disruption, and fluorescence can be visual-
ized within 4 hours after injection [14, 18]. Previously, SF
was used for fluorescence at high doses (20 mg/kg) and
visualized under an operating microscope using white
light. Using a special yellow filter with excitation light at
a wavelength of 560 nm allowed for increased sensitivi-
ty and reduction of the dose to 3 - 5 mg/kg, administered
before surgery [14, 18].

L.C. Ahrens et al. (2022) presented an analysis of data
on the use of fluorescence with 5-ALA and SF, conclud-
ing that SF can be a viable alternative to 5-ALA for surgi-
cal removal of high-grade gliomas. Moreover, SF is useful
for fluorescence-guided visualization of many primary
and secondary brain tumors, including metastases, and
has several advantages over 5-ALA, such as a broader ap-
plication spectrum, lower cost, and easier administration.
The authors emphasize the need for further research [14].

B. Musca et al. (2023) revealed in their study that SF
not only accumulates in areas of BBB disruption in the in-
tercellular space but is also absorbed intracellularly by tu-
mor and immune cells [12].

A. Narducci et al. (2023), based on a study of 48 pa-
tients with suspected high-grade glioma who under-
went stereotactic biopsy with SF fluorescence contrast,
demonstrated the utility of this method, which increased
the accuracy of tissue sampling by 13.8% compared to
the non-fluorescence method while reducing the aver-
age number of biopsy samples from 4.4 to 3.3 [31].

In their review of 23 cases of brain tumor lesions that
showed gadolinium enhancement on MRI and stereotac-

tic biopsies with SF contrast (93 samples), D.K. Singh et al.
(2021) proposed SF fluorescence as a convenient tool for
stereotactic brain tumor biopsies that can improve diag-
nostic accuracy [32].

ICG is a water-soluble dye approved by the FDA for
biomedical purposes. Due to its fluorescence in the
near-infrared (NIR) spectrum, it is widely used in med-
ical applications. Its maximum light absorption occurs
in the infrared range at 800 nm (778 - 806 nm), with
peak emission measured by fluorescence at 830 nm and
peak radiation at 835 nm in biological tissues. ICG fluo-
rescence emission in the NIR range has a greater tissue
penetration depth of up to 15 mm, whereas visible-light
fluorophores penetrate up to 3 mm. In addition, NIR flu-
orescence with ICG is less affected by autofluorescence
since biological tissue generally does not emit fluores-
cence in the NIR spectrum. In the early 2000s, ICG was
officially introduced into neurosurgical practice as an
intraoperative cerebrovascular contrast agent for brain
vessel imaging (video angiography). In 2016, a group
of authors developed a new technique called “Second
Window Indocyanine Green” (SWIG), which involves the
infusion of a high dose of ICG (5.0 mg/kg) 24 hours be-
fore surgery. ICG acts as a passive targeting agent and
accumulates in areas with BBB disruption and in tumor
tissue. Unlike 5-ALA and SF, ICG is a NIR fluorophore,
which provides higher resolution with deeper tissue
penetration [15 - 18, 33]. An example of ICG fluorescence
visualization is shown in Figure 5 [16].

As an infrared fluorochrome, ICG has advantages
over other fluorochromes currently operating in the vis-
ible spectrum due to the increased tissue penetration of
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NIR fluorescence and reduced autofluorescence. Accord-
ing to reviewed sources, SWIG has been used in patients
with high-grade gliomas, meningiomas, brain metasta-
ses, pituitary adenomas, craniopharyngiomas, chordo-

T1-Weighted MRI

Dura View

Cortex View

White-Light Only

White-Light + NIR Overlay

mas, and pineal region tumors [15 - 18, 33]. This indicates
the promising potential for further study and broader ap-
plication of ICG in treating primary and secondary brain
tumors.

NIR Only

Figure 5 — The top row shows MRI scans of a patient with glioblastoma multiforme in T1-weighted
contrast-enhanced mode (T1-Weighted MRI). The second and third rows show images under white
light only and during fluoroscopy using the Second Window ICG under white light combined with
infrared imaging (White-Light + NIR Overlay) and under infrared only (NIR Only). The second and third
rows present images before (Dura View) and after durotomy (Cortex View) [16].

Discussion: Maximally radical and safe surgical resec-
tion of brain tumors remains a crucial stage in the treat-
ment of patients with primary and secondary brain tum-
ors. Differentiating tumor tissue from normal brain tissue
during surgery using conventional white light microsco-
py is challenging. Real-time implementation of IFC meth-
ods without interrupting the surgical process allows us to
overcome this limitation. Over the past decades, several
fluorescent agents have been studied, including 5-ALA,
SF, and ICG [11].

According to the literature review, among these
agents, 5-ALA is the most extensively studied and ap-
proved for use in IFC of WHO grade Ill and IV gliomas,
as reflected in the instructions for use. The instructions
do not indicate the use of 5-ALA for treating primary and
secondary brain tumors of other histological types. Sim-
ilarly, SF and ICG are not indicated for the treatment of
brain tumors according to their respective instructions
for use. However, the literature review revealed substan-

tial clinical experience demonstrating their successful ap-
plication [3, 5 - 33].

Takeaways:

- IFC of primary and secondary brain tumors is an ef-
fective tool for real-time visualization of tumor tissue,
which expands the surgeon’s capabilities during the pro-
cedure, enables the selection of the most optimal resec-
tion volume, and thereby improves the quality of surger-
ies and treatment outcomes;

- The data from the literature review demonstrate the
high diagnostic value of IFC for high-grade gliomas using
5-ALA, which is recommended for implementation and
use in clinical practice, as reflected in the instructions for
use. Expanding the indications for the use of 5-ALA for in-
traoperative contrast of primary and secondary brain tu-
mors of other histological types is promising and insuffi-
ciently studied;

- The extension of current indications of SF and ICG
for fluorescence-guided contrast imaging of primary
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and secondary brain tumors is promising and neces-
sary for improving the quality of treatment of CNS ne-
oplasms;

- Intraoperative use of fluorescent agents expands
not only the diagnostic capabilities of the surgeon but
also the therapeutic potential for treating primary and
secondary brain tumors through photodynamic therapy,
although this method requires further study before clini-
cal implementation.

Conclusion: According to the literature review, fluo-
rescence-guided contrast imaging of primary and sec-
ondary brain tumors is a novel, promising, and insuffi-
ciently studied method of visualizing tumor tissue and
the brain during real-time surgery. In addition to its di-
agnostic value, the use of fluorescent agents also has a
therapeutic effect when performing intraoperative PDT.

Thus, the study of the potential and specific features
of fluorescence-guided contrast imaging for primary and
secondary brain tumors is a relevant and promising area
of research, and its implementation into practice could
improve treatment outcomes.
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AHJATIIA

AJIFAIIKBI )KOHE EKTHIIIJIIK MU ICIKTEPIH UHTPAOITEPALTUAJIBIK
OJYOPECHEHTTIK KOHTPACTTAY:
9JEBH IOJIY

E.K. /Tocembexos"?, /I.U. /lyoues™', E.B. Ancasues'?, /I./1. /[youesa’, C.0. Ocukoaesa®

"C.X. AchenauapoB aTbiHaarbl Kasak YNTTbik MeauumHa yHusepcuteti' KEAK, Anmarsi, Kasakcrad Pecny6aukach;
ZAnmartbl KanacbiHbii N2 7 kanasnblk KNUHUKasbIK aypyXaHachl, Anmatbi K., KasakctaH Pecnybankace;
3«Ka3aK OHKONOrus XaHe PaAnonoria FolbIMU-3epTTey UHCTUTYTbl» AK, Anmarbl, KazakctaH Pecny6nukace!

Ozexminizi: Mu icieiniy ey paouxandvl dHcoHe KAYIincis Xupypeusiiblk pe3ekyusicbl 0ac Mublibly 6Acmankbl JHcoHe Kaumanama
icikmepi bap Haykacmapobl emoeyoezi Manbl30bl Kaoam 60.1bin Kaia 6epedi. [Jocmypii aK scapblk MUKPOCKONUSACHIH KOLOAHBIN ONepayus
Ke3inoe icik MiHIH KAIbinmsl Mu miHiHeH axculpamy KuvlH. Byn wiekmeyoi eycepy yuin onepayus Ke3inoe HaKmol YaKblm peicuminoe
JHCOHE AHCYMBIC NpOYecin Oy30ail, Mu iCIKmepin UHMPAOnepayusIbIK QryopecyeHmmi KOompacmmal Kywetinmy o0icmepi Ko10aHblAAbL.
Conevl onacoliovikmapoa dipneute gayopecyenmmi npenapammap 3epmmenoi, Convly iwinoe S-amunonegyaun Kuiuukolivl (5-ALA),
Hampuil Qryopecyeur Heone Hcacoli UHOOYUAHUH.

Maxcam: Ooebuem depexmepin manoay Heeizinoe Kazipei Ke3eyoe uHmpaonepayusivlk (uyopecyenmmi KOHmpacmmsl KOI0aHy
moducipubecit, OUAZHOCMUKAILIK, MYMKIHOIKMEPIH, MAaHbI3bIH, OIPIHWINIK JCOoHe Kaumaniama Mu ICIKmepin KOAOAHY JHCoHe OaMy
nepcnexmuganapuvlii 6a2anay.

Aoicmepi: MEDLINE/PubMed oepexmep 6azacein dcytieni iz0ey bIKMUMan KAUHUKAILIK MAHbI36l 6ap mu icikmepi Ke3inoezl
¢hnyopecyenyuanvl KOHMpacm Homudicesepine Kamvlcmuvl MyuiHoi co30epdi naudaiana Omulpbin HCypeizinoi.

Homuorcenepi: 9oedbuemmix wionyaa cotikec, amaniean npenapammapovly iwinoe 5-aMuHOIe8yIuH KblUKbLIbL el KON 3epmmenzeHi
JicoHe aniemuiy opmypii endepinoe I scone 1V dopesiceni kamepni icikmepoiy 21ua1b0bl iCiKMmepiHiH UHMPAonepayusIvlK (Gryopecyenmmi
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KOHMPACMulH KOIOAHY YWIH pyKcam emineeni amvlk. Backa 2ucmonocusnvlk KypblibiMOApObly OACMANnKsl JHCoHe KAUmdaiama mu
icikmepin emoey ywin 5-ALA Konoamy myckaynelkma KepcemiimezeH, COHbIMEeH Kamap Hampuil Quyopecyeurin Hcone uHOOYUaHuH
JHCACHLIbIH KOIOAHY JHCOHIHOe2l HYCKAYIbIKMA emoeyoe Koa0aHy2a Kopcemkiuimep Hcok, Mu icikmepi, al o0eduem oepekmepin manoay
onapovl commi KO10aHYObIH YIKeH madicipubecin kopcemmi.

Kopvimuinovr: bacmankvl scone Kaumaiama mu icikmepiniy @uyopecyeHyusnvly konmpacmmol 6etineneyi onepayus kesinoe
MUObLH HAKMbL YAKbIM pedcuminoe Oelineienyiniy Jdcana nepcnekmusanbl Jdcone as sepmmeizen 90ici 6onvin mabwvliaovl. bacmankul
JiCOHe Katumanama Mu icikmepiniy (huyopecyenmmi KOHmpacmuik KOJI0AHY MyYMKIHOIKmMepi MeH epeKiuenikmepin 3epmmey 63eKmi HcoHe
nepcnekmusanvl 3epmmey 6azvimol 60.16in MAOLLIAOLL HCOHE OHBL MAHCIpUbe2e eHei3y emoey HOMuUMCeePit HaKcapmaobl.

Tyuinoi ceszoep: payopecyenyusmen 6acKapuliamvin Xupypeus;, Mu iciei; Muoasbl Memacmasoap, aMuHOIesYIUH KblKbLIbl (-
ALA); nampuii ¢hnyopecyeun; uHOOYUAHUH JHCACHLIL, (PAVOPECYEHYUSL.

AHHOTANUA

HNHTPAOIIEPAIIMOHHOE ®JIYOPECHEHTHOE KOH-TPACTUPOBAHHUE
ITPU NEPBUYHBIX 1 BTOPUYHBIX OIIYXOJIAX I'OJIOBHOI'O MO3rI'A:
OB30P JIUTEPATYPbI

E.K. /Tiocemberos'?, JI.H. /lyoues™', E.B. Anzasues'?, /I./1. /Iyouesa', C.0. Ocuxoaesa’

THAO «Ka3axckuit HaumoHanbHblit MeguumHckuii yausepcutet um. CI1. Achenansposar, Anmarbl, Pecrybanka Kasaxcraw;
lopogckan KnuHueckas 6onbHuua NO7 r. Anmatbl, Anmatsl, Pecny6nnka Kasaxcras;
3A0 «Ka3axckuii HayuHo-UCCneioBATENbCKII UHCTUTYT OHKONOTUI U paguonorui», Anmatbl, Pecry6nuka Kasaxcran

Axkmyansnocmb: MakcumanbHo 603MOJCHOe YOaieHue ONyXoiegoli MKAHU ¢ COXPAHEeHUeM QYHKYUOHATLHO 3HAYUMbIX YUACMKO8
201I06HO20 MO32a OCMAEMCsi OOHOU U3 OCHOBHBIX Yeell XUPypULecko20 YOaieHs NepeutHbIX U 6MOPULHbIX ONYX0Jell 20J106H020 MO32d.
Omauuums OnyXoneeyio mKaHb Om HOPMANbHOU MKAHU MO32a 80 6peMs ONEpayull ¢ UCNOIb308AHUEM MPAOUYUOHHOU MUKPOCKONUU 8
benom ceeme 3ampyoHumenbHo. s npeo0oneHus I3mo2o 02paHuieHus UCnoIb3yIomMcs Menmoobl UHMPAONEePaAYUOHHOZ0 (IyOPecyeHmHo20
KOHMPACMUPOBAHUS  ONYXONel 20106H020 MO324 C UCHOIL30GAHUEM (Iyopecyenmuvix npenapamos. Haubonee u3syuenHbiMu
GryopecyenmubiMu npenapamamu A6AAMcs S-aMUHoIe8yIuHo8as kucioma, @uyopecyeur nampus u MHOOYUAHUH 3eNeHblIl.

Ilenv uccneoosanus — oyenums ONGIM UCNONL308AHUSL UHMPAONEPAYUOHHOLO (YIIOOPECYEHMHO20 KOHMPACMUPOBAHUS HA
COBPEMEHHOM dmane, OUAZHOCMUYECKUE S03MONCHOCMU, 3HAYEeHUe, NPUMEHeHUe U NepCneKmuebl paseumus npu NepeuyHbIX U
BMOPUYHBIX ONYXOLAX 20I08HO20 MO32A HA OCHOBAHUU AHAU3A TUMEPAMYPHBIX OAHHBIX.

Memoowi: [Iposeden cucmemnblii nouck nyoauxayui uz 6aszvt dannuvix MEDLINE/PubMed no xkniouegvim ci1o68am, C6s3aHHbIM €
Ppe3yIbmamamu npuMeHenus ParoopecyeHmHo20 KOHMpAacmupo8anus npu ONyXouax 20108H020 MO32d, KOMOPble UMeIO NOMEHYUATbHOEe
KJIUHUYecKoe 3HaueHue. /s uccied08anus 6blOPano u npoanaiu3uposano 33 nyonukayuu.

Pesynvmamur: 1o 0annvim nposedeHnozo 1umepamyprHozo 0030pa 6UOHO, 4mo u3 NePeuucieHHblX uyopecyeHmublx npenapamos
S-amunonesyrunoeas Kucroma — Haubonee uzyyena u 0000peHda K NPUMEHEHUIO Ol UHMPAONEePAYUOHHO20 (DIYOPeCcyenmno2o
KOHMPAcMuposanus 2auaiviolx onyxonei 11 u IV cmenenu 310KauecmeeHHOCHU, YMO OMPANCEHO 8 UHCIMPYKYUU NO NPUMEHEHUIO
npenapama. Hcnonvzosanue 5-amMunone8yiuHo80l KUCioml O e4eHus NepeutHbix U 6MOPUYHbIX ONYXOoaell 20108H020 MO32a OPY2Oll
2UCIONO2UYECKOT CIMPYKMYPbL 6 UHCIMPYKYUU NO NPUMEHEHUI0 He YKA3AHbL, MAKdice 6 UHCMPYKyuu no npumenenuio @ayopecyeuna
Hampus u HHOOYUAHUHA 3e]IeHO20 Hem NOKA3AHULL 015l NPUMEHEHUS NPU IeYeHUU ONYX0Iell 20I08H020 MO32d, M020d KAK NPOBEOeHHbI
AMaAnU3 TUMEPAMYPHBIX OAHHBIX NOKA3A OOIBULOU ONbIIM UX YCHEUWHO20 NPUMEHEHUS.

3axniouenue: @nyopecyenmnoe KOHMPACMUPOBAHUE NEPEUYHBIX U GIMOPUUHLIX ONYXONell 20JI06HO20 MO32a AGAAEMCS HOBbIM
NepPCNeKMUBHbIM U HEOOCMAMOUHO U3YUEHHbIM MEeMOOOM BU3VAIUZAYUU ONYXONEB0U MKAHU U MO320 80 8PEMs ONePAYUU 8 PedlcUMe
peanvnoeo epemenu. Hzyuenue 803moxcHocmeti u ocobeHHoCmel npuMeHeHus QryopecyeHmHnozo0 KOHMpacmupo8anus nepeutHulx
U MOPUUHBIX ONYXOJIEll 20JI08HO20 MO32d AGNAEMCS AKMYATbHOIM U NePCREeKMUSHbIM HANPASIeHUeM 6 U3YYeHUU, d e20 6HeOpeHUe 6
APAKMUKY NO3601UM YIYHUUND PE3VIbIMAMbl 1e4eHUs..
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ABSTRACT

Relevance: Due to modern treatment methods, sarcoma patients’ survival rate is increasing. Rehabilitation helps to minimize
physical and functional limitations caused by aggressive therapy, improves mental health, and promotes social and professional
adaptation. Since sarcoma predominantly affects working-age people, rehabilitation plays a key role in restoring body functions,
improving the quality of life, and reintegrating patients into society.

The study aimed to analyze the scientific literature on modern approaches to rehabilitating sarcoma patients.

Methods: A search and selection of articles were conducted in the Pubmed, Web of Science, Scopus, and RSCI databases using the
main keywords and phrases: «orthopedic oncology,» «sarcoma,» «rehabilitation,» and «rehabilitation strategies.» The review included
articles published within the last 10 years relevant to the topic. Case reports, correspondence, letters, and studies not conducted on
humans were excluded from the review.

Results: The article presents data on selecting the most effective rehabilitation technologies for sarcoma patients and provides
arguments for implementing new approaches and methods into clinical practice. Rehabilitation is divided into several main types:
medical (which involves physiotherapy, the use of medications, etc.), physical (based on the restoration of the range of motor functions,
coordination, and strength), psychological (includes work on the patient’s psycho-emotional state), social (implies the patient’s return
to social activity, assistance in the adaptation period), rehabilitation using modern technologies (assistance from robotic systems,

computer simulation of augmented virtual reality, the use of smartwatches and fitness bracelets).
Individually selected and adapted rehabilitation concepts within a multidisciplinary and interdisciplinary setting are essential for

optimizing function in patients with sarcoma.

Conclusion: Rehabilitation of patients with sarcoma is not only a medical but also a social task. Successful recovery of patients
contributes to their full return to active life, which is of critical social importance.
Keywords: sarcoma, rehabilitation, multidisciplinary approach, modern rehabilitation technologies.

Introduction: Currently, sarcomas account for about
1% of all malignant neoplasms in adults and 15% in chil-
dren and adolescents. Sarcomas are characterized by rapid
growth, propensity to metastasize, and high risk of recur-
rence, which complicates prognosis and requires regular
follow-up. Treatment of sarcomas often involves surgery,
including amputations or extensive resections, as well as
the use of chemotherapy, radiation, and beam therapy,
which is often accompanied by serious physical and psy-
chological consequences that significantly reduce the
quality of life of patients and require special attention.

According to the Kazakh Research Institute of Oncol-
ogy and Radiology (hereinafter referred to as KazNIIOIR,
Almaty, Kazakhstan), in 2023, the incidence of sarcomas
amounted to 0.9% of all malignant neoplasms. There were
1,250 new cases, of which 60% were soft tissue sarcomas
and 40% were bone sarcomas [1].

The most common sarcomas are osteosarcoma, chon-
drosarcoma, and Ewing sarcoma. The five-year surviv-

al rate varies depending on the type of sarcoma and the
stage of the disease: in the early stages, the survival rate
can reach 70-80%, while in advanced stages it decreases
to 20-30% [2, 3].

Modern treatment methods, such as targeted thera-
pies and improved surgical approaches, help improve the
survival of patients with sarcomas but increase the num-
ber of patients requiring long-term rehabilitation [3, 4].

Motor difficulties, chronic and phantom pain, and
psychological disorders, including depression and anx-
iety, may occur after treatment. Since sarcomas most
often occur in working-age people, rehabilitation plays
a key role in restoring body function, improving quality
of life, and minimizing the effects of aggressive treat-
ment.

Numerous studies have confirmed the need for re-
storative treatment immediately after surgery in ortho-
pedic oncologic patients. Lack of timely comprehensive
rehabilitation often leads to unsatisfactory functional
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outcomes. Full rehabilitation significantly improves func-
tional performance. Regardless of the nature of the sur-
gical intervention (including mutilation), the patient’s
functional activity level is a key factor affecting quali-
ty of life. Among the main tasks of rehabilitation of sar-
coma patients are their early activation, contributing to
the stabilization of hemodynamics, and prevention of
cardiopulmonary, thrombotic, and other postoperative
complications, including those caused by prolonged im-
mobilization. Moreover, rehabilitation is aimed at prepar-
ing patients for upright posture and learning to walk. Af-
ter organ-preserving surgeries in orthopedic oncology,
there is a significant association between mobility limita-
tion in the operated joints, functional indices, and quality
of life of patients [5-9].

Rehabilitation of cancer patients should begin as early
as possible and continue throughout life.

The study aimed to analyze the scientific literature on
modern approaches to rehabilitating sarcoma patients.

Materials and Methods: The search and selection of
articles in Pubmed, Web of Science, Scopus, and RINC da-
tabases by main keywords and word combinations were
carried out: “orthopedic oncology,” “sarcoma,” “rehabilita-
tion,” and “rehabilitation strategies.” The review included
articles no more than 10 years old that were relevant to the
subject of this review. Case reports, correspondence, let-
ters, and studies not conducted on humans were exclud-
ed from the review.

Results: Rehabilitation in orthopedic oncology is a
branch of medicine that continues to improve in line with
advances in cancer science.

This article summarizes the existing literature on sarco-
ma rehabilitation and provides a comprehensive review of
the effects of various rehabilitation interventions that can
be used as a basis for individualized rehabilitation in clin-
ical practice.

It is important to note that the number of scientific
studies on sarcoma patients’ rehabilitation is small.

In recent years, there has been increased recognition
of the importance of rehabilitation in optimizing function
in sarcoma patients [10]. Rehabilitation should be compre-
hensive [11]. A multidisciplinary rehabilitation team may
include a physical therapist, nurse, occupational therapist,
speech therapist, orthopedist, prosthetist, social worker,
psychologist, and dietitian [12]. Although people may not
need all these services, they should be available wherever
cancer care is provided.

A multidisciplinary rehabilitation plan can help mini-
mize symptoms and sequellae that adversely affect a pa-
tient’s function and quality of life, including chemothera-
py-induced pain, peripheral neuropathy, radiation fibrosis,
activity limitations after surgical removal, amputation,
bowel and bladder dysfunction, and lymphedema.

Rehabilitation prior to cancer treatment, known as
pre-rehabilitation, may help to increase tolerance to tox-

ic and harmful side effects [13]. And while pre-rehabilita-
tion can potentially improve chemotherapy tolerance, a
key component of pre-treatment rehabilitation is patient
counseling. If a choice must be made between limb sal-
vage and amputation, patients should be fully informed of
the advantages and disadvantages of each procedure, in-
cluding potential functional deficits.

Immediately after surgery, patients can benefit from
inpatient rehabilitation.

Patients who undergo amputation due to sarcoma
have been shown to make significant progress during in-
patient rehabilitation compared to a control group with
a dysvascular lesion, with the majority being discharged
home [14]. The goal of rehabilitation at this stage is pri-
marily to strengthen the patient and provide adaptive
equipment and strategies to address functional deficits
forasafe discharge home. Itincludes physiotherapy, med-
ication, physical therapy (PT), massage, ultrasound ther-
apy and electrophoresis. It is known that physical thera-
py is characterized by certain criteria such as frequency,
intensity, and type (e.g., strengthening, endurance, and
functional exercises) [15]. Exercises affect functional im-
pairment by improving balance, muscle strength, and en-
durance, relieving cancer-related fatigue, and enhancing
physical abilities [16]. It is believed that exercises increase
patients’ self-confidence and stabilize psychological
well-being. When choosing this rehabilitation, patients
face several limitations, such as a limited number of spe-
cialized centers, especially in remote regions, and a lack
of qualified specialists with experience in working with
cancer patients. It was essential to recall individual limita-
tions, which can significantly limit the choice of rehabili-
tation methods.

For cancer patients, psychological problems begin at
the time of diagnosis, so the earlier psychological rehabil-
itation begins, the better it will be for the patient and his/
her family members.

A mental health professional with expertise in func-
tional loss and chronic illness is an invaluable member of
the interdisciplinary team for many cancer patients. Can-
cer diagnosis and treatment can be a traumatic experience
that patients tolerate differently, and patients undergoing
sarcoma treatment are at increased risk of developing anx-
iety, depression, and adjustment disorders associated with
grief from the loss of a limb [17].

This is true for all stages of the disease, including sur-
vival. In addition, patients with sarcoma are at increased
risk of suicide [18].

Psychological support programs may include individu-
al and group therapy with psychologists and psychother-
apists [19, 20].

One of the important rehabilitation aspects is the
return to an active social life, which includes vocation-
al rehabilitation programs to help patients return to
work or school [21], help with social adjustment, devel-
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opment of social skills, and support in returning to an
active life.

Helping patients return to school and work is also vi-
tal for restoring quality of life after sarcoma treatment.
Returning to ordinary activities can improve the sense of
well-being. Children and adolescents may require individ-
ualized learning plans in the short term after returning to
school. For adults, perceptions of the employer’s work en-
vironment are particularly important, and doctors play a
crucial role in guiding any necessary changes in the work-
place [22]. The patient’s expected job duties should be list-
ed, and guidelines should be provided for activities that
can and cannot be performed. Any return to school or
work after significant cancer treatment should be gradual
and flexible, creating an opportunity for the patient to ad-
just to normal routines.

Not everyone can undergo inpatient rehabilitation, as
not all hospitals, especially in remote regions, provide re-
habilitation for cancer patients. Telemedicine has allowed
online consultations with doctors, prescribing PT pro-
grams, and monitoring their implementation [11].

The telerehabilitation system allows a patient to con-
sult with doctors and rehabilitate from any place with in-
ternetaccess. It also helps to save money and time to reach
a rehabilitation center or hospital.

The development of modern medical technologies has
allowed for the improvement of not only the methods of
sarcoma treatment but also the methods of sarcoma pa-
tients’ rehabilitation. Innovative methods accelerate re-
covery, improve accuracy in diagnosing complications,
and improve patients’ quality of life.

Robotic systems are now used to restore motor activi-
ty in patients after amputation or major surgery. For exam-
ple, exoskeletons [23, 24] help patients with limited mo-
bility strengthen muscles and learn to control prosthetic
limbs and robotic simulators such as Lokomat et al. are
used to restore gait and coordination.

3D technology is gradually introduced into rehabili-
tation. 3D printing is increasingly used to create custom-
ized prostheses and orthoses, which is especially import-
ant for patients with non-standard anatomy after tumor
resection [20, 25].

Virtual reality technologies help rehabilitate motor
functions, improve the skill of using a bionic prosthesis,
and relieve pain. For example, virtual reality training helps
patients restore motor function through interactive exer-
cises [11, 26].

Rehabilitation methods currently include the use of
modern technology, such as the use of fitness bracelets
and smart watches to monitor vital signs and activity levels.

The implementation of artificial intelligence tools is
actively promoted to analyze patient data, modify the
rehabilitation plan according to the needs, and cre-
ate personalized treatment programs based on the pa-
tient’s clinical data [14].

Discussion: Integration of a multidisciplinary approach
is one of the important modern approaches in rehabilita-
tion. A multidisciplinary team is required for more effec-
tive rehabilitation, especially for oncological diseases. On-
cologists, surgeons, rehabilitation therapists, physical
therapists, psychologists, and social workers can be con-
sidered the main specialists of the team. The teamwork of
these specialists is based primarily on the construction of
an individualized rehabilitation plan.

Rehabilitation of patients with limb sarcomas is chal-
lenging, and the approach varies depending on the choice
of surgical procedure as well as potentially associated med-
ical complications [27]. Therefore, finding a way to adapt
to a new life situation and return to work is a complex but
important task for both the individual and society. It is also
well known that rehabilitation needs after treatment vary
considerably from one person to another [22].

An individualized rehabilitation plan is necessary to
consider the patient’s characteristics, such as the type and
localization of sarcoma, the amount and nature of treat-
ment received, age, gender, physical and psychological
condition, allowing creation of the rehabilitation plan ac-
cording to the patient’s individual needs. This approach
will allow for tracking the progress, making adjustments,
and providing better rehabilitation.

Despite significant advances and modern medical
technology, the rehabilitation field has limitations. The
high cost of equipment such as exoskeletons and robot-
ic systems limits availability. Specially trained specialists
must effectively use technology; their training requires
separate costs. Not all patients, especially older pa-
tients, can adapt to new technologies and rehabilitation
methods. Ensuring that all the necessary specialists are
available in one place is not always possible. Overload-
ing the patient with various recommendations and pro-
cedures and possible contradictions in the approach-
es of different specialists can reduce the effectiveness
of rehabilitation. Problems with integrating methods
and the time dependency of organizing appointments
and coordinating treatment can also slow patient recov-
ery, making a multidisciplinary approach challenging in
some situations.

In modern Kazakhstan, ensuring effective rehabilita-
tion and improving palliative care for cancer patients is
one of the objectives of the Comprehensive Plan to Com-
bat Cancer in the Republic of Kazakhstan for 2023-2027
[28]. In this regard, introducing modern, proven practices
in the system of rehabilitation of sarcoma patients in Ka-
zakhstan is one of the important steps for the successful
recovery of patients and ensuring a full quality of life.

The health of the working-age population is of great
importance to society. Therefore, rehabilitation of sar-
coma patients, which affects a predominantly work-
ing-age population, is not only a medical but also a so-
cial challenge. Successful recovery is an opportunity for
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patients to return to an active life and reintegrate back
into society.

Conclusion: Data on the complex rehabilitation mea-
sures for sarcomas are insufficient in the literature. The
gap between rehabilitation studies and practice requires
further action focused on disseminating and implement-
ing available research findings. This review deepens the
knowledge base by providing a comprehensive analysis of
the effectiveness of these interventions.
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AHJATIIA

CAPKOMACBHI BAP TAIIUEHTTEPI'E APHAJIFAH PEABUJIMTALIU A
CTPATET'UAJIAPBI: OAEBUETTEPTE IIOJIY

J.P. Kaiioaposa', A.K. Kanmazaesa?, A.A. Hacummaesa®, A.T. Aumyzanos*, B.C. Paxmemosa’®

1«C.X. AchenauapoB aTbiHparsl Kasak YnTTbik Meguuuna Yuusepcuteti» KAK Anmatbl, Kazakcran Pecny6nukachl;
2«AIMED» Xanbikapanbik 6inikTinikTi apTTbipy opatnbirbi» MILIC Actaa, KazakcTan Pecny6nukach;
3KP ICM «Koramabik AeHcaynblk cakTay ynTTbik opTanbiebl” LK PMK Actana, Kasakctan Pecny6aukacs;
4«Mepmkep Actanar XLUC ActaHa, KasakctaH Pecny6amkach;
S«ActaHa mepuuuHa yHueepcuteTi» KAK Actama, Kasakcraw Pecny6nukach!

Oszexminizi: 3amanayu emoey o0icmepiniy apKacelHOa CapromMacsl bap HayKacmapowvly oMip cypy oeneetii apmaowt. Peaburumayus
aepeccusmi mepanusdan MyblHOA2aH QUIUKATLIK JCOHE (DYHKYUOHANOLIK weKmeynepoi asaimyea Komekmeceol, NCUXUKAIBIK
OEeHCayIbIKmyl HCaKcapmaowl, deyMemmik sHreoHe kociou betiimoenyee viknan emedi. Capkoma kedinece enybexke Kabiremmi sxcacmazvl
adamoapeaa ocep ememinin eckepe omulpbin, peadburumayus 0eHe QYHKYUAIAPbIH KATNbIHA KeAmipyoe, oMip Candcoii HcaKcapmyoa
JiCOHe KO2amaa opanyod uleulywi poa amkapaobl.

3epmmeyoin maKcamol capromacvl 6ap HAyKacmapovl peaduIumayusHuly 3aManayy mociioepi mypaisl 2blivimu 90eouemmepoi
manoay 60abin mabwiiaowl.

Mamepuandapot men d0icmepi: Pubmed, Web of Science, Scopus sicone PF/IU 0epekkoprapbinoa «OHKO-0pmMoneousy», «Capkomay,
«peabunumayusny, «peaduIumayus Wapaiapely CUAKmMsl He2izei myuiHoi co30ep MeH co3 mipkecmepin nauodIaHbln MaKaIaiapobl
i30ey ocone manoay acypeizinoi. Lllony 10 scvinoan acnaimoii 0cbl WOLyOblH MAKbIPLIObIHA KAMbLCIbL MAKALANAPOLL KAMMbLObL. Bip
pemmik 6axbliay ecenmepi, KOppecnoOHOeHYUSAAP, XAMmmap JHcoHe adamoapoda dicypeiziimezen 3epmmeyiep uonyed KoCbliMaaaH.

Homuocenepi: Makanada caprxomacel 0ap HayKacmapOwly peaOuiumayusacbiHbly ey muiMOi MexXHONO02UANAPbIH Manoayead
Kamulcmol 0epekmep JCoHe JHCana mociioep meHn odicmepoi mojcipubeze eneizy OOUbIHUIA YCbIHBICMApad KAmbiCmbvl 091en0ep
keamipindi. Peabunumayus 6iprewie Hecizei mypee 06ninedi: MeOUYUuHaIblK (pusuomepanus Hcypeizy, 0opi-oopmexmep KOLOAHY HCOHe
m.0.), usuxanvix (Ko3eanvic YHKYUALAPLIH, YUiecmipyoi, Kywmi KainvlHa Keamipyee He2iz0enceH), NCUXOI02UsIblK, (HAYKACblY
NCUXOIMOYUOHATIOBIK HCA20AUBIMEH HCYMBIC icmeyOi Kammuobvl), oneymemmix (HayKacmuly oneymemmix 0OenceHOIliKKe OpanyulH,
bellimoeny KeseHinoe KomeKk Kopcemyoi 6indipedi), 3amManayu mexHoai0usIapobl NAu0AIaHy ApKblIbl JHCYypeiziiemin peabuiumayus
(pobommanovipviiean dicylienepoiy kKomei, MOabIKMbIPbLI2AH SUPIMYAI0bL WLIHObIK KOMILIOMEPIIK CUMYIAYUACDL, AKbLIObL Caeammap
MeH umnec-0ines3ikmepoi Koroamy).

Capkomacwl bap Haykacmapoa QyHKYusHbL OHMALIaHObIPY YUIH KONCAIANbl JCOHE NOHAPATIBIK MOCLL AACIHOA JiceKe MAHOAN2AH
JicoHe Detlimoenzen peaburumayus KOHYenyuaIapsl Maybi30bl poj amKapaobl.

Kopvimuinowr: Capromacul bap naykacmapovly peabuiumayusacvl mex MeOUYUHANbIK 2aHA eMec, COHbIMEH Kamap oaeyMemmiK
MinOem bonbin mabwviniadwsl. Haykacmapowviy mabvicmsl cayvi2ybvl 01apobly OeaceHOl oMipee MOAbIK OPALYbIHA bIKNAL emedi, Oy Jcainvl
KO2aM YWliH YIKeH MaKbl32d ue.

Tyitinoi co3oep: capkoma, peadbunumayus, MyibmuOUCYUNIUHAPIBIK MOCIL, PeaduIumayusdazsl 3aManayyu mexHoI0usLap.
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Vayuuaem ncuxuyeckoe 300posve, CnocobCcmeyem CoyuanbHou U npopheccuoHarbhoil adanmayu. Y4umoleéds, 4mo caproma dauje
6ce20 Npuxooumcsa Ha nooell mpyoocnocobHo20 803pacma, peaduiumayus uepaem Kiouesyr poilb 8 60CCMAHO8NeHUU DYHKYUL
opeanusMa, YIyuueHuu Kaiecmeda JdCusHu U 6036patyenue 8 00uecmso.

Llens uccnedosanus — ananu3 HAYYHbLX NYOIUKAYUTL O COBPEMEHHBIX NOOX00AX K peabuiumayuu nayueHmos ¢ CapkoMotl.

Memoowi: Bvii nposeden nouck u ombop cmameti 6 6azax oannvix Pubmed, Web of Science, Scopus, PUHL] no ocHoeHbiM KI104e8biMm
COBAM U CTIOBOCOUEMAHUAM: (OHKOOPMONEOUS», KCAPKOMAY, «PeaduIumayusy, «peabuiumayuonnsvlie meponpusmusy. B 063op oviiu
BKIIOUEHbL cmambvu 0a8HOCMbI0 He Oonee 10 1em, omHocsawuecs K memamuke 0anHo2o 0063opa. Omuemvl 0 eOUHUYHBIX HAOTIOOEHUSAX,
nepenucka, nNUCbMa U UCC1e008anUs, He NPOBOOUSIUECS HA 005X, 8 0030p He 6KII0UAIUCH.

Pe3ynromamui: B cmamve npusedeHvl OanHble KACAMENIbHO 6blOopa Haubolee IPDEeKmueHbIX MexHoNo2Uull peaduiumayuu
OONLHBIX C CaAPKOMOU U NPUedeHbl 00800bl OMHOCUMENbHO PEKOMEHOAYUl K 8HeOPEHUI) 8 NPAKMUKY HOBbLX N00X0008 U Memooos.
Peabunumayus noopazoensiemcs Ha HeCKOIbKO OCHOBHBIX MUNOG: MeOUYUHCKAsL (npedcmasisiem coboil nposedenue usuomepanuu,
npuMeHeHue MeOUKAMeHmMos u 0p.), Pusuieckas (0CHOBAHA HA 60CCMAHOBIEHUU 00BEMA O8ULAMENbHBIX YHKYUL, KOOPOUHAYUY, CUTBL),
ncuxonro2uyeckas (8Kaouaem pabomy Ha0 NCUXOIMOYUOHAILHBIM COCMOAHUEM NAYUEHMA), COYUaIbHas (HOOpasymesaem 6036pam
nayuenma K COYUAAbHOU AKMUBHOCMU, NOMOWDL 6 dA0ANMAYUOHHOM Nepuode), peaburumayus ¢ UCHONb308AHUEM COBPEMEHHbIX
mexnono2uil  (NOMoWb  POOOMUSUPOBAHHBIX CUCHIEM, KOMNLIOMEPHOU CUMYIAYUU OONOIHEHHOU BUPMYANIbHOU  PeanbHOCHU,
UCNONL30BAHUE YMHBIX YACO8 U umHec-0pacienos).

HHnousudyanvbino nooobpannule u adanmuposantsle KOHYenyuu peabuiumayui 8 pamKax MHO2ONPOQUIbHOU U MeNCOUCYUNTUHAPHOU
HACMpOUKY UMeIOm 8adCHOe 3HAYeHUs 011 ONMUMUZAYUL QYHKYUU Y NAYUEHMO8 ¢ CAPKOMOL.

3axntouenue: Peaburumayus nayueHmos ¢ CAPKOMOU — He MONbKO MEeOUYUHCKAs, HO U COYUANbHAS 3a0aud. YcneuwiHoe
80CCMAHOBNCHUE NAYUEHNOE CHOCOOCMEYEN UX NOTHOYEHHOMY 6036PAUEHUIO K AKMUBHOU HCUZHU, YMO uMeem 00buloe 3HaveHue 05
0bwecmea 6 yenom.

Kniwoueswvie cnosa: capkoma, peabunumayus, My1bmuOUCYUNJIUHAPHBII NOOX00, COBPEMEHHbLE MEXHON02UU 8 PeaDUTUMAYUU.
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ABSTRACT

Relevance: Over 60% of patients who are first diagnosed with cancer are aged 65 and older. This article analyzes the impact of
Comprehensive Geriatric Assessment (CGA) on cancer treatment outcomes in elderly patients.
The study aimed to analyze the relationship between Comprehensive Geriatric Assessment, frailty syndrome, and cancer treatment

outcomes in elderly patients.

Methods: An analysis of publications from the last 10 years related to the subject of this review was conducted without using language

filters.

Results: A relationship between frailty syndrome and survival, mortality, and other outcomes in oncogeriatric patients was established.
An analysis of outcome assessment measures for patients with frailty syndrome was conducted. Combinations of CGA elements applicable

for the evaluation of oncogeriatric patients were highlighted.

Conclusion: CGA proves to be beneficial in oncogeriatric practice. It is essential to carefully select CGA elements to optimize clinical
practice and solve research tasks. Further research in this field makes an important contribution to the development of oncogeriatric
medicine and improving the effectiveness of cancer treatment in elderly patients.

Keywords: frailty syndrome, oncology, geriatrics, comprehensive geriatric assessment, intensive care.

Introduction: According to global mortality data for
2019, more than three-quarters of the 20.4 million prema-
ture deaths among people aged 30-70 years are due to
non-communicable diseases. Of every 10 people who die
prematurely from non-communicable diseases, 4 die from
cardiovascular diseases, and 3 die from cancer [1]. This is
due to both population aging and demographic growth
and increasing exposure to risk factors, key among which
are tobacco, alcohol, obesity, and air pollution [2].

For example, traffic-related air pollution (TRAP) in-
creases the risk of breast cancer and contributes to over-
all air carcinogenicity. However, due to the small effect
size (i.e., 1.5% increase in risk for every 10 ug/m?increase
in nitrogen dioxide (NO2) exposure) and heterogeneity
across studies using surrogate variables for TRAP expo-
sure other than NO2 the certainty of the evidence for an
association between TRAP exposure and breast cancer
risk remains moderate [3].

It is well known that nitric oxide (NO) plays a key role
in several stages of cancer, including angiogenesis, apop-
tosis, cell cycle, invasion and metastasis [4].

A borderline association (odds ratio (OR) =1.4; 95%
confidence interval (Cl): 1.0-1.9) has been reported be-
tween breast cancer risk and childhood proximity to a
road with characteristics of high exposure to traffic-relat-
ed pollutants: close proximity, presence of median strip/
barrier, multiple lanes, and heavy traffic [5]. Pooled es-

timates showed that NO,, elemental carbon (a form of
atmospheric carbon), and PM, . (particles less than 2.5
micrometers in diameter) were associated with mortali-
ty from cardiovascular disease, respiratory disease, and
lung cancer, with a relative risk (RR) of 1.04 (95% CI: 1.01-
1.07) [6]. A meta-analysis of 14 outdoor air pollution stud-
ies in North America and Europe showed a statistically
significant 9% (95% Cl: 4-14%) increase in the risk of lung
cancer incidence or mortality for every 10 pg/m3 increase
in PM, . concentration; 9 studies of PM,  reported an 8%
(95% Cl: 0-17%) increase in risk per 10 ug/m?[71.

A meta-analysis of seven observational studies con-
firmed an association between PM exposure(per 10 pg/
m? increment) and an increased risk of colorectal can-
cer (CRC) (OR 1.42; 95% Cl: 1.12-1.79; P=0.004). Moreover,
a higher Air Pollutants Exposure Score (APES) score pro-
posed by the working group was associated with an in-
creased risk of CRC (OR 1.03; 95% Cl: 1.01-1.06; P=0.016)
and worse survival (OR 1.13; 95% Cl: 1.03-1.23; P=0.010),
especially among participants with insufficient physical
activity and ever smoking [8].

According to WHO reports, life expectancy in 2019
was 72.6 years and is expected to be 77.1 years by 2050.
Older people (65 years and older) are the fastest-grow-
ing age group in the world [9]. Based on the above, the
older adults (60-74 years) and senile population (75-90
years) may be potentially vulnerable to developing can-
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cer, which entails the need to expand the scope of geri-
atric care.

Comprehensive geriatric assessment (CGA) allows for
predicting the risk of severe toxic reactions to chemo-
therapy in older adults [10]. Based on hearing impair-
ments identified using CGA, it is possible to predict the
high toxicity of chemotherapy in elderly patients [11]. De-
pression, anxiety, and cognitive impairment are more
common in older adults, probably due to an underesti-
mation of their initial symptoms and inconsistent adher-
ence to treatment [12].

Thus, selecting CGA components for assessing the
functional status of oncogeriatric patients is a relevant
and insufficiently studied area. This review was conduct-
ed with an emphasis on the following aspects:

- prognostic value of the CGA in common oncological
diseases in the Republic of Kazakhstan (RK);

- geriatric factors influencing survival prognosis;

- CGA and assessment of therapy toxicity;

- selection of elements of the CGA for use in oncog-
eriatric practice;

- oncogeriatric patients in the intensive care unit (ICU).

The study aimed to analyze the relationship between
Comprehensive Geriatric Assessment, frailty syndrome,
and cancer treatment outcomes in elderly patients.

Objectives of the study: systematization and analysis of
modern data regarding the relationship between frailty
syndrome on the one hand and overall survival and mor-
tality on the other hand in elderly cancer patients, as well
as determination of CGA variants applicable in this cate-
gory of patients.

Materials and methods: The articles were searched
using the study keywords in the Pubmed, Web of Sci-
ence, Scopus, and RINTS databases. The review included
articles no older than 10 years related to the subject of
this review without using language filters. The analysis
included 38 articles; the relevant data were summarized
as a review.

Results:

The prognosis for common oncological diseases in the
Republic of Kazakhstan.

Approximately 40% of patients with CRC in developed
countries are at least 75 years old [13]. The meta-analysis
by S. Chen et al. (2022) included relevant cohort studies
with a more than 1-year follow-up involving 35,546 pa-
tients, of whom 4,100 (11.5%) had frailty syndrome. The
results showed that overall survival in patients with frail-
ty syndrome was worse than those without frailty syn-
drome at baseline (OR 2.21; 95% Cl: 1.43-3.41; P<0.001). Fur-
ther meta-analysis with two data sets showed that frailty
was also associated with worse cancer-specific survival (HR
4.60; 95% Cl: 2.75-7.67; P<0.001) and recurrence-free sur-
vival (HR 1.72; 95% Cl: 1.30-2.28; P<0.001) [14].

A retrospective study by S. Lee et al. (2023) examined
the results of 1066 patients over 65 years of age who un-

derwent gastric resection for gastric cancer between
2014 and 2018. All patients were divided into 2 groups:
those over 80 years old — a group of elderly patients
(12.8%) and those aged 65 to 79 - a group of “young” el-
derly people. With a median follow-up of 49.1 months,
5-year overall survival after surgery in the group of elder-
ly patients was lower than in the group of “young” elderly
(75.6% vs. 87.0%; P<0.001). However, 5-year disease-spe-
cific survival was comparable between the groups (90.1%
vs. 92.2%; P=0.324). The American Society of Anesthesi-
ologists (ASA) physical status classification, oncologic
stage, and surgical tactics were independent predictors
of overall survival [15].

E. Abdelfatah et al. (2023) analyzed data from 411 pa-
tients operated on for colorectal adenocarcinoma be-
tween 2011 and 2020. The mean age was 75.1 years. The
mean Risk Analysis Index (RAI-A) score was 37, and 29.9%
of patients had CSA. Such patients had a significant-
ly higher rate of overall complications (30.1% vs. 14.6%;
p<0.001), as well as higher rates of postoperative hospi-
talization for more than 30 days, the incidence of post-
operative delirium, and discharge to rehabilitation. No
differences in CSA were observed regarding overall,
CRG-specific, or progression-free survival [16].

According to a systematic review by MR Moreno-Car-
mona et al. (2024), frailty syndrome in elderly patients
with colon cancer is a risk factor for postoperative com-
plications and mortality in the short (30 days), medium
(3-6 months) and long-term (1 year); OR 3.67 (95% Cl:
1.538.79), OR 8.73 (95% Cl: 4.03-18.94) and OR 3.99 (95%
Cl: 2.12-7.52), respectively. Frailty syndrome also had an
impact on survival with an adjusted hazard ratio (AHR)
of 2.99 (95% Cl: 1.70-5.2), as well as on overall and ma-
jor postoperative complications with ORs of 2.34 (95% Cl:
1.75-3.15) and 2.43 (95% Cl: 1.72-3.43), respectively [17].

Some authors define older patients in geriatric oncol-
ogy as “old” when their clinical status influences their de-
cision-making [18]. The incidence of lung cancer increas-
es sharply at the age of 45-49 years and peaks in the 85-89
age group for men and in the 80-84 age group for wom-
en. The average age at diagnosis in the United States is
70 years, and 68% of patients are diagnosed after age 65
[19], with challenges arising in diagnosing and treating
these diseases in older adults given factors such as co-
morbidities, functional limitations, and difficulty taking
medications [20].

The impact of frailty syndrome has also been shown
for primary lung cancer. In a study of 1667 patients with
primary lung cancer, 297 (17.8%) patients had frailty syn-
drome status according to the frailty index based on lab-
oratory test (FI-LAB) at the time of diagnosis. The all-
cause mortality rate was 61.1% (1018/1667), with a higher
overall risk of death in patients with frailty syndrome, a
relative risk of 1.616 (95% Cl: 1.349-1.936), and a median
follow-up of 650 days [21].
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In a cohort study of patients with non-small cell lung
cancer treated with radiotherapy, frailty syndrome was
associated with lower 3-year overall survival (37.3% vs.
74.7%; p=0.003) and 3-year cumulative non-cancer death
rate (36.7% vs 12.5%; p=0.02) [22].

Breast cancer remains the most common cancer in
women worldwide, being the leading cause of death,
while mortality rates depending on age are quite contra-
dictory [23]. Thus, according to the reporting data of the
American Cancer Society (ACS), from 2012 to 2016, the in-
cidence rate of breast cancer increased slightly by 0.3%
per year, mainly due to an increase in localization and
hormone positivity. In contrast, mortality from breast
cancer decreased by 40% from 1989 to 2017, with a de-
cline rate of 1.3-1.9% [24].

The results of a French study including patients over
70 years of age with breast cancer showed that age re-
mains a risk factor for heterogeneity in oncological prac-
tice, which requires the disclosure of specific recom-
mendations, with geriatric covariates being the main
components in the decision-making process [25].

S. Wang et al. (2022) examined 4645 publications on
the prevalence of frailty syndrome among patients with
breast cancer: the meta-analysis included data from 24
studies involving 13510 people. The prevalence of frailty
syndrome among patients with breast cancer in individu-
al studies ranged from 5 to 71%. The prevalence of frailty
syndrome was 43% (95% Cl: 36-50%; p<0.05). Subgroup
analysis showed that the therapeutic method, frailty
syndrome scales, age, regions, years of publication, and
study quality were associated with the prevalence of frail-
ty syndrome among patients with breast cancer and that
frailty syndrome may also be characteristic of “younger”
age patients and has prognostic value [26].

A retrospective cohort study by CH Yan et al. (2021) of
patients with breast cancer aged >65 years assessed the
association between pre-diagnosis frailty syndrome and
the risk of breast cancer-specific and all-cause mortali-
ty in older women. Fewer women with frailty syndrome
than “robust” women underwent breast-conserving sur-
gery (52.8% vs. 61.5%) and radiation therapy (43.5% vs.
51.8%). In a multivariate analysis of the study data, the
degree of asthenia was not associated with breast can-
cer-specific mortality (patients with frailty syndrome vs.
robust patients, Relative OR 1.47; 95% Cl: 0.97-2.24). How-
ever, women with BC and frailty syndrome had a higher
risk of all-cause mortality than “strong” women with BC
(OR 2.32,95% Cl: 1.84-2.92) [27].

Geriatric factors influencing survival prognosis.

In a prospective analysis from 2003 to 2012, JX Moore
et al. (2020) examined the impact of frailty syndrome on
the association between cancer survival and sepsis inci-
dence: cancer survivors had a more than 2-fold increased
risk of sepsis, and frailty syndrome rates accounted for
less than 1% of this difference [28].

JC Brown et al. (2015) assessed the associations be-
tween pre-asthenia, asthenia, and mortality among 416
older adult cancer survivors (mean age 72.2 years). Mor-
tality varied by degree of asthenia, with a median surviv-
al of 13.9 years among “robust” survivors (53.6% of total),
9.5 years among pre-asthenic (37.3% of total), and 2.5
years among survivors with frailty syndrome (9.1% of to-
tal). Preasthenia and frailty syndrome increase the risk of
premature mortality in older adults who have survived
cancer [29].

In the study by Bensken WP et al. (2022) for the pe-
riod from 2012 to 2016, the association between mor-
tality and primary breast cancer, colorectal cancer, lung
cancer, or prostate cancer was examined in older people
(n=29140). Patients with lung cancer had the highest lev-
els of multiple comorbid conditions, multimorbidity, and
frailty syndrome. After adjustment for age, sex (only for
colorectal and lung cancer), and stage, a positive associ-
ation was found between all these indicators and a high-
er risk of death. In breast cancer patients with 5 or more
comorbidities, the ROR was 1.63 (95% Cl: 1.38-1.93), and
in those with moderate asthenia, the ROR was 3.38 (95%
Cl: 2.12-5.41), with the prognosis for lung cancer being
worse than for breast, prostate, or CRC cancer [30].

Comorbidities measured by the Charlson Comorbid-
ity Index (p=0.001) and Lawton-Brodie score (p=0.011);
anastomotic failure (p=0.024); lymph node involvement
(p=0.005); distant metastasis (p<0.001); high TNM stage
(p=0.004) and anastomotic defect (p=0.013) were signif-
icant predictors of poor prognosis. Multivariate analysis
of long-term survival, adjusting for age, asthenia, comor-
bidities, and TNM stage, showed that comorbidities (RH
1.30; 95% Cl: 1.10-1.54) and TNM stage (RH 2.06; 95% Cl:
1.16-3.67) were the only independent risk factors for sur-
vival at 5 years. Frailty syndrome is associated with poor
short-term postoperative outcomes but does not affect
long-term survival in elderly patients with colorectal can-
cer. In turn, comorbidities and tumor stage are predictors
of long-term survival [31].

In a prospective study, E. Boutin et al. (2018) assessed
the association between obesity and adverse events in
older women, depending on their frailty syndrome sta-
tus. The risk of death over 5 years of follow-up among as-
thenic women (frailty syndrome determined by the Fried
method), compared with “non-frail” women with normal
weight, decreased with increasing body mass index (BMI)
after adjusting for age, cardiovascular drugs, hospitaliza-
tion in the last 12 months, and functional status [32].

Some authors describe the “survival paradox of obese
cancer patients”: this study included 433 patients with a
mean age of 81.2+6.0 years; 51% were women. Of all pa-
tients, 44.3% had gastrointestinal cancer, 18% had breast
cancer, 14.5% had lung cancer, and 45% had metastases,
while 20.3% had obesity at outcome. Obesity was inde-
pendently and inversely associated with 6-month mor-
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tality only in patients with metastatic lesions (Relative
Risk Factor 0.17; 95% Cl: 0.03-0.92) [33].

CGA and assessment of therapy toxicity.

Numerous studies have shown that adherence rates
to oral chemotherapy among cancer patients range from
46% to 100% in the general population and depend on
age, patient sample, drug type, follow-up period, and ad-
herence assessment and calculation measure [7, 30, 34]. In
older adults, non-adherence is facilitated by various fac-
tors. Sleep disturbances (40%) and cognitive impairment,
which are present in approximately 25-47% of older can-
cer patients, and hearing loss in 25% of older cancer pa-
tients, contribute to the problem [35]. Older patients of-
ten have difficulty with transportation, leading to missed
appointments or non-compliance with prescriptions [36].

In the study by A. Hurria et al. (2016), factors influenc-
ing chemotherapy toxicity were studied, a model was
formed, and a toxicity scale was proposed. The average
age of the study sample (n=250) was 73 years (from 65 to
94 years, standard deviation 5.8). The risk of toxicity in-
creased with an increase in the risk index (36.7% - low,
62.4% - medium, 70.2% - high risk; P<0.001), while it was
noted that there was no relationship between the Kar-
nofsky index and chemotherapy toxicity (P=0.25) and the
index did not work [10].

This scale allows for determining the risk of develop-
ing toxicity of stages 3-5 according to the classification
of common terminology criteria for adverse events (CT-
CAE) [37] and determining which group of patients re-
quires greater monitoring for adverse events.

Selection of elements of the CGA for use in oncogeriat-
ric practice.

The choice of a set of tests for conducting the CGA in
the context of practice and solving research problems also
represents a challenge for physicians and researchers [38].
The frequency of frailty syndrome ranged from 23 to 97%,
depending on the number of included CGA domains. J.
Kenig et al. (2015) identified the CGA components that had
prognostic value in a small sample of patients [39]:

1. Activities of Daily Living (ADL);

2. Instrumental Activities of Daily Living (IADL);

3. The Blessed Orientation-Memory-Concentration
Test (BOMCO);

4. The Clock Drawing Test (CDT-test);

5.The Folstein Mini-Mental State Examination (MMSE);

6. The Charlson Comorbidity Scale (CCS);

7. The Cumulative lliness Rating Scale for Geriatrics
(CIRS-G);

8. The Geriatric Depression Scale (GDS);

9. The Timed Up and Go (TUG);

10. The Mini Nutritional Assessment (MNA);

11 Eastern Cooperative Oncology Group performance
status (ECOG-PS);

12. Preoperative assessment of physical status accord-
ing to ASA.

The authors identified the following combinations of
tests that had prognostic value: (1) Basic set + MNA + TUG +
CCS + polypharmacy (>4 or >5 drugs/day); (2) Basic set +
MNA + TUG + CCS + polypharmacy (>4 or >5 drugs/day) +
SSS, (3) Basic set + MNA + TUG + CIRS-G + polypharma-
cy (>5 drugs/day), (4) Basic set + MNA + TUG + CIRS-G +
polypharmacy (>4 or >5 drugs/day) + SSS, (5) PACE (with
Satariano index 2+).

The core set included ADL/IADL, GDS-15, and BOMC/
CDT following the definition formulated by the Interna-
tional Society of Geriatric Oncology (SIOG), which states
that at least the CGA for older patients with cancer should
include assessment of functional status, mood, and cog-
nitive function.

Overall, these CGA test sets are consistent with the
studies described above that used these clinical tests and
scales despite the heterogeneity in the choice of method
for determining CSA.

Oncogeriatric patients in ICU settings.

A multicentre retrospective cohort study of adult pa-
tients admitted to the ICU between 2018 and 2022 (158
Australian ICUs, aged =16 years) examined the associ-
ation between frailty syndrome and survival time after
elective cancer surgery. For elective surgical patients,
frailty syndrome was associated with lower survival (RHR
1.72, 95% Cl: 1.59-1.86) and mortality at baseline up to 10
months of follow-up (RHR 1.39; 95% Cl: 1.03-1.86), but this
association then plateaued, and its predictive power fur-
ther diminished over time up to 4 years (RHR 1.96; 95%
Cl: 0.73-5.28). Frailty syndrome has been associated with
worse outcomes following ICU admission after elective
cancer surgery, particularly in the short term [40].

For patients admitted to the ICU (166 Australian ICUs;
age =16 years) with metastatic cancer in the study by
Alamgeer et al. (2023), overall survival at 4 years was low-
er in asthenic patients compared with “robust” patients
(29.5% vs. 10.9%; p<0.0001). Frailty syndrome was as-
sociated with shorter 4-year survival (adjusted Relative
Risk 1.52; 95% Cl: 1.43-1.60), and this effect was observed
across all cancer subtypes. Frailty syndrome was associat-
ed with shorter survival times in patients aged <65 years
(RHR 1.66; 95% Cl: 1.51-1.83) and aged =65 years (RHR
1.40; 95% Cl: 1.38-1.56), but its effect was stronger in pa-
tients aged <65 years (p<0.0001). Thus, in patients with
metastatic cancer admitted to the ICU, frailty syndrome
was associated with worse long-term survival [41].

A. Subramaniam et al. (2022) in their multicenter
study (16 ICUs; 7001 patients; mean age 63.7 (49.1-74.0)
years; mean APACHE Il score — 14; 3266 patients (46.7%)
were on mechanical ventilation; hospital mortality — 9.5%
(n=642); annual mortality - 14.4%) compared the results
of the Clinical Frailty Scales (GFS) and the Hospital Frailty
Risk Score (HFRS) in critically ill patients to predict long-
term survival up to one year after ICU admission. The re-
sult was that both scales have prognostic value in assess-
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ing survival up to 1 year after admission to the ICU, but
the GFS scale was still a better predictor of 1-year surviv-
al than the HFRS [42].

There is no doubt that traditional preoperative exam-
ination is insufficient for older adults. Therefore, wide-
spread implementation of a comprehensive assessment
of the initial geriatric status [43], particularly in cancer pa-
tients, will improve approaches to making surgical deci-
sions and help develop optimal anesthetic safety strat-
egies [44]. Thus, according to S. Sigaut et al. (2021), the
Confusion Assessment Method (CAM) in the surgical de-
partment and the Confusion Assessment Method for
the Intensive Care Unit (CAM-ICU) are proposed for as-
sessing postoperative delirium among operated patients
aged 70 years and older [45]. The following clinical tests
are recommended as part of the CGA to ensure the man-
agement of surgical patients with an oncogeriatric pro-
file [45-47]:

1. CAM-ICU;

2. Checklist For screening delirium V ICU (Intensive
Care Delirium Screening Checklist, ICDSC).

In studies requiring an assessment of the impact of
CGA on patients’ hospital stay, the following endpoints
related to patients’ stay in the ICU are proposed [48-50]:

1. hours spent on artificial ventilation;

2. duration of hospitalization;

3. presence of perioperative complications;

4, cost of inpatient treatment.

It is also worth noting that the Clavien-Dindo classi-
fication of morbidity/surgical complications [51] is wide-
ly used to assess outcomes in oncogeriatric patients ad-
mitted to the ICU.

Discussion: Key data from meta-analyses and system-
atic reviews over the last ten years are considered, which
show that the use of CGA can improve the prognosis and
quality of life of elderly patients with cancer. It was also re-
vealed that age, comorbidities, asthenia, and other geriat-
ric aspects are associated with worsening survival and in-
creasing mortality among cancer patients. An analysis of
outcome measures in patients with frailty syndrome was
conducted. Combinations of CGA elements that are appli-
cable for assessing oncogeriatric patients are identified.

Research highlights the need to incorporate geriatric
aspects into oncology practice to improve the prognosis
of treatment outcomes in elderly patients. This approach
ensures therapy personalization, considering each pa-
tient’s health characteristics and needs.

Conclusion: This article examines the relationship
between CGA and cancer treatment outcomes. Current
methods of CGA application in oncogeriatrics are dis-
cussed. This identifies future research directions in onco-
geriatrics and highlights the impact of CGA on ICU pa-
tient management.

Continuing research in this area is important for devel-
oping oncogeriatric medicine and improving the effec-

tiveness of treating elderly patients with cancer. Particu-
lar attention should be paid to integrating the obtained
data into clinical practice to optimize the care of cancer
patients in intensive care settings.
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AHJATIIA

OHKOJIOTUAJA KEHIEHAI 'EPUATPUSAJBIK BAFAJIAY/IbI KOJIIAHY:
IOJAEBUETTEPT'E LIOJIY

H.K. Muipsanues'?, C.T. Onacaes', b.JK. Adycuobaes', A.b. Abacanenos', C.H. /[rconoacos'

L«Anmarbl 06nbICTbIK Kencananbl emxaacbl» LXK MK, Anmarbi K., KazakcTa Pecny6nukach;
2«K.N. CaTbaes aTbinparbl Kasak ynTTbiK TexHUKanbiK 3epTTey yuusepcuteTi» KEAK, Anmartsl, Kazakctan Pecny6aukace;
3«Kazak-Peceit MeauumHa yHuepcuTeTi» KOO, Anmarbl, Kasakctax Pecny6nmnkach!

Ozexminizi: Kamepni icikke dicayadan wanioblKKan Haykacmapowiy 60%-oan acmamwvl 65 oicacman ackaunoap. bByn maxanaoa
e20e dlcacmasvl emoenyulinepoe HaH-HcaKmol Keulenoi eepuampusanvik dazsanayoviy (keiin KI'B) oHKOI02UANBIK aypyaapovl emoey

Homuolcenepine ocepin manoay ycolHbliaobl.

3epmmey maxcamol — KI'B, kapmmuix acmenus cunopomst (keiiin KAC) oicone e2oe acacmazvl naykacmapoaeol Kamepiii icikmepoi

emoey nomuoicesiepl apacblHOazbl OAUIAHBICIIbL MALOA).

Aoicmepi: Coneavl 10 sicvli0azvl 0cbl WOy MAKLIPLIObIHA KAMBICTbL HCAPUATAHBIMOAp2a Maa0ay mindik cyseinepoi Konroanobail

JHCYPRIZINOL.

Homubocenepi: Onxocepuampusnivik naysacmapoa KAC kepcemxiwimepi mer omip cypy, 01im dcoHe backa Homudiceaep apacbinoazbl
batinanvic anvikmanovl. KAC 6ap naykacmapoa Homuoice wapaiapvlia manoay xcacanovl. OHKocepuampusivlk HayKacmapowl bazanay
yuiin Konoanviiamoit KI'B anemenmmepiniyy KOMOUHAYUSCHL AHLLKMALObL.

Kopvimuvinovi: KI'F  oukocepuampusanvix moowcipubede natioacvln xepcemedi. KuuHukanvlk mocipuberi oymailianowvipy
Jicone zepmmey mocenenepin weuty ywin KI'B onemenmmepin manoayoa myxusm 601y kepek. byn canadazvl andazel 3epmmeynep
OHKO2EPUAMPUSLTILIK MEOUYUHAHBIY OAMYbIHA JCOHE e20e JCACmaabl OHKONOSUSLIbIK, HAYKACMapobl emMoeyoiy muiMoiiiein apmmulpyaa

Mauwi30bl yrec 00abn mabvliaosl.

Tyuiinoi co3dep: Kapmmulx acmenus CUHOPOMbI, OHKONO2US, 2ePUAMPUSL, KelleHOI eepuampusivl, 6azanay, KapKblHObl mepanus.
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AHHOTALNUS

HCIOJb30BAHUE KOMIIJIEKCHOM TEPUATPUYECKOM OIIEHKH B OHKOJIOT U U:
OB30P JIUTEPATYPbI

H.K. Mup3zanues', C.T. Onxcaes', B.JK. Adycubaes', A.B. Avscanenos'?, C.H. /[rconoacos’

IKITI Ha MXB «AnmaTuHcKas pernoHanbHas MHoronpodunbHas KnuHuKa», Anmarbl, Pecny6nuka Kasaxcran;
ZHAO «Ka3axckuii HaLMOHaNbHbII UCCTIeLOBATENbCKNIA TEXHUUECKNI YHUBEpCUTET Menm KU1, (atnaeBa, Anmarbl, Pecnybnmka Kazaxcran;
3HY0 «Ka3axcTaHcko-Poccuitckuii MesuumHckiin Yiusepcutet», Anmarbl, Pecnybamka Kasaxcrau

Axmyansnocmu: bonee 60% nayuenmos, y komopbvix gnepevie 0OUazHOCMUpoO8ano oHK03aboiesanue, Haxo0amcs 6 gospacme 635 1em
u cmapwe. Jlannas cmamovs npeocmaesnsien anaiu3 enUAHUA KOMNIEKCHOU eepuampuyeckoll oyenxu (KI'O) na pesynomameor nevenus
OHKONIO2UYECKUX 3a00Ne6AHUTL Y NOMHCULIX NAYUEHMOS.

Llens uccneoosanus — ananus esaumocseasu mexcoy KI'O, cunopomom cmapueckoii acmenuu (CCA) u pesynomamamu nederus
OHKONIO2UYECKUX 3a001e6aAHUN Y NOHCUNBIX NAYUEHMOS.

Memoowi: bvin nposedern ananus nyoauxayuil 3a nocieonue 10 nem, omHocAwuxcs Kk memamuxe OAHHO20 0030pa, 6e3 npuMeHeHUs.
@duabmpos no A3viKy.

Pesynomameur: Buvisisnena cesasv meacoy noxasamenamu CCA u ebiocusaemocmyio, CMePMHOCHbIO U UHLIMU UCXO0AMU Y
onkozepuampuieckux nayuenmos. Ilposeden ananus mep oyenox ucxo0og y nayuenmos ¢ CCA. Bvioenenvi komounayuu s1emenmos
KT O, komopuie npumenumvl Olis OYeHKU OHKOLEPUAMPUUECKUX NAYUEHNOB.

3akniouenue: KI'O oemoncmpupyem noiv3y 6 oHkocepuampuueckol npakmuxke. Heobxooumo mwamenoHo nooxooums k omoéopy
anemenmos KI'O Ona onmumusayuu KIuHU4eCkol npaKxmuKku u pewenus uccie008amensckux 3aoad. JJaivneiuue uccie0o8anus 6
amotl obaacmu npedCmasision 6adNiCHbIL BKIAO 8 PA3GUMUE OHKOLEPUAMPUYECKOU MEOUYUHbL U NOGbIULEHUE YPDEKMUBHOCMU TeYeHUs.
nayueHmos ¢ pakom 6 NOJUCUIOM 803pacme.

Knioueswvie cnoga: cunopom cmapueckoui acmenuu (CCA), onxonozus, cepuampus, komniekcnas cepuampudeckasn oyenxa (KI'O),
UHMEHCUBHAS MEePaNUsL.
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A LITERATURE REVIEW

S.0. OSSIKBAYEVA'?

'Kazakh Institute of Oncology and Radiology, Aimaty, the Republic of Kazakhstan;
%Al-Farabi Kazakh National University, Aimaty, the Republic of Kazakhstan

ABSTRACT

Relevance: This review analyses the literature on the factors influencing the self-efficacy of healthcare managers. In modern medical
practice and healthcare management, managers must address complex tasks related to the organization of healthcare institutions, efficient
resource allocation, and providing high-quality patient care. The psychological phenomenon known as self-efficacy is an essential factor
in accomplishing these tasks. This refers to the ability of managers to recognize their capabilities and apply them to achieve goals in
their professional activities. Although many managers can set and strive to achieve goals, many face difficulties. Therefore, studying the
factors affecting the self-efficacy of healthcare managers is critical for improving management in the healthcare system and enhancing its
effectiveness.

The study aimed to review the factors that influence the self-efficacy of healthcare managers to identify key aspects that affect
performance and management quality in healthcare institutions.

Methods: The research reviewed existing scientific works focused on studying the factors influencing the self-efficacy of healthcare
managers.

Results: During the analysis, particular attention was given to methods for assessing professional confidence, leadership qualities, and
stress resilience of managers, as well as identifying factors affecting their ability to make effective managerial decisions in the real-world
context of healthcare practice. Data extraction revealed various performance indicators, key findings, and recommendations.

Conclusion: The career growth and personal development of healthcare workers, which are actively studied in foreign psychology,
are increasingly relevant for Kazakhstani specialists in light of the changing requirements and challenges in healthcare. Studying the self-
perception and self-awareness of individuals who have succeeded in their medical careers is of great importance both from a theoretical
and practical perspective, as it helps improve professional skills and the overall approach to providing medical care within the dynamically

changing healthcare system.
Keywords: self-efficacy, manager, health care, psychology.

Introduction: In modern medical practice and
healthcare management, managers must address com-
plex tasks related to the diagnosis, treatment, and
prevention of diseases, as well as maintain effective
communication with patients. The psychological phe-
nomenon known as self-efficacy is an essential factor
in accomplishing these tasks. This refers to the abili-
ty of managers to recognize their capabilities and ap-
ply them to achieve goals in their professional activities.
Although many managers can set and strive to achieve
goals, many face difficulties. Therefore, studying the
factors affecting the self-efficacy of healthcare manag-
ers is critical for improving management in the health-
care system and enhancing its effectiveness.

Self-efficacy is a key element of healthcare workers’
professional development that significantly impacts
their professional activities. In recent years, research in
this area has been linked to transformations in the so-
cio-economic and organizational spheres, which direct-
ly affect healthcare workers’ professional activities. The
career growth and personal development of healthcare

workers, which are actively studied in foreign psychol-
ogy, are increasingly relevant for Kazakhstani special-
ists in light of the changing requirements and chal-
lenges in healthcare. Studying the self-perception and
self-awareness of individuals who have succeeded in
their medical careers is of great importance both from
a theoretical and practical perspective, as it helps im-
prove professional skills and the overall approach to
providing medical care within the dynamically chang-
ing healthcare system.

The study aimed to review the factors that influence
the self-efficacy of healthcare managers to identify key
aspects that affect performance and management qual-
ity in healthcare institutions.

Materials and Methods: The study reviewed exist-
ing scientific works focused on studying the factors in-
fluencing the self-efficacy of healthcare managers. The
review included articles, monographs, dissertations,
and other publications covering psychological aspects,
leadership qualities, and stress resistance of manag-
ers, as well as methods for assessing their profession-
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al confidence and ability to make managerial decisions
in healthcare.

The literature search process included:

- Key databases: The analysis was conducted based
on publications available in international scientific data-
bases such as PubMed, Scopus, and Google Scholar, as
well as in psychology and healthcare journals.

— Inclusion criteria: Articles were selected that ex-
plored theoretical and empirical aspects of self-effica-
cy in healthcare, emphasizing factors influencing the
successful performance of management tasks in med-
ical institutions.

- Keywords: The following keywords were used for
the search: “self-efficacy,” “health care management,”
“health psychology,” “professional confidence,” “leader-
ship qualities in health care,” and “stress resistance of
managers.”

— Methods of analysis: Data analysis, content analy-
sis, and synthesis of existing studies allowed for identi-
fying main trends and factors affecting the self-efficacy
of healthcare workers. The leadership skills, profession-
al confidence, and stress on managerial activity in med-
ical institutions were underlined in this study.

— Assessment of study quality: The quality and rel-
evance of the studies included in the review were as-
sessed, considering the methodological approaches
and representativeness of the samples described in the
relevant works.

Thus, this study is based on an extensive analysis
of existing scientific publications, which allowed us to
comprehensively examine the self-efficacy factors of
healthcare managers and their impact on the effective-
ness of management in medical institutions.

Results: The concept of self-efficacy was first intro-
duced by the American psychologist A. Bandura in the
1970s of the 20th century. This phenomenon was de-
fined as a specific type of cognitive thinking that regu-
lates the goal-oriented activity of an individual through
cognitive, motivational, affective, and physiological
processes [1]. Subsequent studies have established that
self-efficacy should be considered as a manifestation of
confidence [2], faith [3], and ability [4] of a person who
determines their ability to realize or not to realize ex-
pected results in the process of completing tasks and in-
teracting with others.

Scientists identify several key aspects that contrib-
ute to the replenishment of self-efficacy:

1. The ability to learn contributes to accumulating
personal experience of the subject.

2. Emotional stability, characterized by a low level of
anxiety.

3. Emotional processes that have different effects on
self-efficacy. In the case of a positive orientation of the
subject, there is an increase in inspiration and desire

for productive activity. On the contrary, with a negative
orientation, anxiety, constraint, fear, and inhibition in-
crease.

4. Significant people’s social support, particularly in
the form of approval, helps to strengthen the positive
experience of self-efficacy [5]. Social support is most ef-
fective if it comes from a significant individual, is time-
ly, and meets expectations. Various circumstances can
strengthen the belief in self-efficacy as the ability to
control life events. Personal experience, both positive
and negative, predetermines not only life expectations
but also professional expectations that arise in the con-
text of activities and communication.

Self-efficacy is a cognitive dispositional resource
that promotes adaptation and an individual’s psycho-
logical well-being [6].

Improving quality and increasing safety within na-
tional healthcare systems is a priority for many coun-
tries. This is confirmed by the results of scientific re-
search and the activities of international organizations,
as well as strategic priorities outlined in state policies in
public health [7].

Studies have shown that self-efficacy influences at-
titudes toward work, professional training, job satisfac-
tion, educational level, and susceptibility to new knowl-
edge [8]. Thus, self-efficacy is considered one of the key
factors determining the degree of effort and resources a
person is ready to mobilize to solve emerging problems.
It helps to increase the energy level, ensures its target-
ed use, and stimulates stability in achieving goals [9].
Some researchers [10-12] confirm that high self-efficacy
is a key element of initiative and self-confidence neces-
sary to achieve goals.

Thus, to successfully perform their duties and solve
problems in the healthcare sector, managers must
rely on accumulated experience, professional knowl-
edge, and analytical skills. With an increase in the vol-
ume of knowledge and improvement of management
skills, they become more prepared to develop effective
and comprehensive solutions to improve the quality of
medical services and increase the efficiency of medical
institutions.

A high level of education and specialized training of
healthcare managers contributes to developing their
professional competencies and confidence in deci-
sion-making. Research conducted in Kazakhstan shows
that a lack of proper training can significantly reduce
the self-efficacy of medical psychologists, negatively af-
fecting their ability to effectively perform professional
duties. The ability of managers to cope with stress and
maintain psychological stability in difficult situations di-
rectly affects their self-efficacy. According to research,
low levels of self-efficacy in the emotional sphere are as-
sociated with depression, anxiety, and a sense of help-
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lessness [13]. In human-to-human interaction (including
health workers, psychologists, and teachers), it is impos-
sible to completely avoid stressful situations [14].

Comparative Analysis of Self-Efficacy Factors of Health-
care Managers: International Experience and Kazakhstan

An analysis of factors influencing the self-efficacy of
healthcare managers revealed both general trends and
specific differences between international practice and
the situation in Kazakhstan.

International experience (2015-2025) and the situa-
tion in Kazakhstan:

Psychological confidence and leadership skills: Manag-
ers with high self-efficacy confidently make decisions
and motivate teams, which contributes to improving the
quality of medical services. Cross-cultural studies show
that psychological confidence and leadership skills de-
pend on factors such as country of residence, age, and
professional experience of health workers [15-17].

Stress resistance and adaptation to change: The abili-
ty to cope with stress and adapt to changes is critical in
the dynamic development of healthcare. World practice
emphasizes the importance of these skills for effective
management in crises [18-19]. Given the specific work-
ing conditions in medical institutions, issues of stress
resistance are relevant. However, these issues have not
been fully studied and researched in Kazakhstan.

Professional skills and experience: Extensive experi-
ence and developed professional skills enable manag-
ers to effectively solve complex problems and imple-
ment innovations [20]. In Kazakhstan, they also tend
to improve professional skills, which is reflected in the
contents of secondary education [21].

Training and development: Continuous training and
development of new management methods contribute
to improving managers’ self-efficacy. World practice
confirms that systematic professional development is
key to success in healthcare management [22]. Contin-
uous training and implementation of new management
methods contribute to improving managers’ self-effi-
cacy. However, additional research is required to assess
the availability and quality of such programs in Kazakh-
stan.

Organizational Culture and Support: A strong organ-
izational culture that supports innovation and collab-
oration helps to increase managers’ confidence. In Ka-
zakhstan, issues of preserving and developing cultural
values also affect performance in various areas, includ-
ing healthcare [23-26]. The implementation of employ-
ee support programs and the development of a positive
organizational culture help to increase manager self-ef-
ficacy. However, the extent to which these initiatives are
implemented in Kazakhstan remains understudied.

Discussion: Healthcare workers must have exten-
sive knowledge and practical skills to perform their du-

ties effectively, as in other areas. In recent years, the ed-
ucation system for healthcare workers in Kazakhstan
has undergone significant changes to meet interna-
tional standards and best global practices. Key training
areas include healthcare, strategic planning, medical
law and ethics, and personnel and resource manage-
ment. However, the study shows that educational pro-
grams in Kazakhstan still require further improvement
to meet modern challenges, such as the digitalization of
healthcare and the introduction of innovative technolo-
gies. Particular attention should be paid to developing
management skills in crises, such as the COVID-19 pan-
demic, which requires updating educational approach-
es. The lack of regular updates in training and insuffi-
cient attention to the practical aspects of management
continue to be important challenges for the Kazakhstan
healthcare system.

Conclusion: Improving the performance of health-
care workers requires systematic improvement of per-
sonnel policy, implementation of continuous profes-
sional training programs, and active use of modern
technologies in Kazakhstan. An important aspect is also
maintaining specialists’ emotional stability and stress
resistance. Ultimately, increasing the level of self-effi-
cacy of healthcare managers leads to improved quali-
ty of medical services, strengthening patient trust, and
ensuring long-term sustainability and development of
healthcare institutions.
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AHJATIIA

JEHCAVYJIBIK CAKTAY CAJTACBIHIAFbI MEHEI’KEPJIEP:
9JEBUETKE IOJY

C.0. Ocukbaesa'?

1«Ka3aK oHKonOrys xaHe PaAnonorA FolnbiMu-3epTTey HCTUTYThi» AK, Anmatsl K., Kasakctad Pecny6amkacs;
2«dn-Oapabu aTbingarbl Kazak yaTTblk yHuBepcuTeTin, ANMatbl, Kasakcrax Pecny6nmkachl

Oszexminizi: Byn 3epmmey 0eHcaynvlK cakmay canacblHoazbl MeHeoicepiepoiy 03-03iHe CeHIMOLLIK ¢akmopaapein mauioayad
apuanean ooeduemmepoiy WOAYblH ycbiHaobl. Kazipei meouyunanblk npakmuka MmeH OeHCAylblK CaKkmay canacbiih 6ackapyoa
MeHeoddcepnepoer MeOUYUHATLIK YULIMOAPObIH JHCYMBICLIH YULIMOACMbIPY, PeCYPCmMapobl muimoi 6oy dcone nayuenmmepze Canda.ivl
Kbl3Mem Kepcemy cuakmsl Kypoeai mindemmepoi wiewy manan emineodi. bByn mindemmepoi commi dcyseze acvlpyoaavl Manbi30bl
axmop — 03iH-03i ceHimOiniK den amanamoii NCUXOIO2UANLIK KYyOublavic. Menedowcepnepoiy 03 MyMKiHOIKmepin mycinin, onapovl
KOCiOU Makcammapeaa yxcemy yuwin naudaiany Kaoiiemi on1apovly Kociou Koizmemindezi Maywvl30bl acnekn 601vin maowiiaowl. Anaiioa,
Konmezen mMeneoddcepiep maKcammap Koioaa Kabinemmi 6oaca oa, o1apoul icke acvbipyoa Kuvinovikmapea man oonaowvt. Conovikman
OeHCaynvlK caKkmay canacvlHoazvl mMeHeoxceprepOiy 63-o3iHe ceHimOiniciHe ocep ememin hakxmopaapovl sepmme)y OEHCAYIbIK
cakmay srcytiecinoe 6ackapyobi Hceminodipy HoHe OHbIY MUIMOLNI2IH apmmblpy YWiH Maybl30bl MiHOem 601bln Mabwliaobl.

3epmmey maxcamol — OeHcaynvlk cakmay Mmekemenepinoesi MeHeONCMeHmmiy OHIMOLNII MeH CanacblHa acep ememin Helisel
acnexminepoi aHbIKMay Ywin OeHCaylvlK CaKmay canacblHoazel Meneodcepiepoiy o3inoik muiMOiliK ¢hakmoprapsl mypansi
AHCAPUALAHBIMOAP2A HCYlieni WOy Heacay 601vin madwvliaovl.

doicmepi: 3epmmey 6apvicbinOa O0EHCAVIbIK CAKMAY CAlaAcblHoazbl MeHeodxcepaepoiy 03-03iHe ceHimOinicine ocep ememin
haxmoprapovl 3epmmeyee apHaIean 2blAbLMU HCYMbICIAPObIY MANOAYbl HCYPIIZNOL.

Homuacenepi: Tanoay 6apviceinoa xocibu ceHiMOiNiK, KOWOACWLIILIK Kacuemmep MeH cmpecke mosimoinikmi Oazanay
aoicmepine, cOHOAl-aK O1apobly OEHCAYIbIK CAKMAY CANACLIHOA HAKMbL Hca20atioa muimoi 6ackKapyubslivlk wewimoep Kaowviioay
Kabinemine ocep ememin hakmoprapea epexuie Hazap ayoapwiiovl. Jepexmepoi maioay opmypii HOMUNCENINIK KopcemKiumepit,
Hezi3el KOPblMbIHOBLIAPObl HCOHE YCHIHbICMAPObL AUKLIHOAODL.

Kopoimuinowi: Lllemen ncuxonozusicvinoa beacenoi sepmmenin Keie dcamian MeOUyUHAIbIK Kbl3MemKepaepoiy MaHcanmulk ocyi
MeH myn2anvlK 0amy mocenenepi Kazakcmanovix Mamanoap yuin OeHCayavlk caKmay CaidcblHOazbl maianmap MeH cblH-Kamepiepoiy
o32epyi scazoalivinoa bapean calibin 03ekmi 601y0a. O3 mancabvinoa madvlcKa HcemKen myi2anapoviy 03iH-03i ce3inyi MeH 03iH-03i
Manyvl Mocenecin sepmmey mMeopUsIbIK HCOHE NPAKMUKANbIK, MYypeblOan MaKbl30bl, cebebi Oyn kocibu 0az0uliapivl 2ana emec,
COHOAT-aK 632epMei OeHCAYAbIK CAKMAy JCyUeciHoe MeOUYUHAbIK KOMEK Kopcemyee 0e2eH JCAlnbl KO3KaApacmvl icaKcapmyad
bIKNAL emeo.

Tyitinoi co3dep: 03iHOIK MUiMOiNiK, MeHeox cep, OEHCAVIbIK CAKMAY, NCUXOL02US.

AHHOTANUA

GOAKTOPBI CAMO®P®EKTUBHOCTU MEHE/I’KEPOB B 3/IPABOOXPAHEHUMU:
OB30P JIUTEPATYPbI

S.0. Ossikbayeva'?

TAO «Ka3axcKuii Hay4Ho-UCCNIe10BATENbCKNIA MHCTUTYT OHKONOTUN 1 paduonorimny, Anmarbl, Pecny6nuka Kasaxcran;
2Kazaxckuii HaumoHanbHblit YHuepcutet umenin Anb-Oapabu, Anmarbl, Pecny6nmka Kasaxcrau

Axmyanvnocmo: /lannviti 0630p npeocmasisiem cob60l AHAIU3 JTUMEPAMYPHLIX OAHHBIX O (PAKMoOpax camodpgekmusHocmu
MeHeONHCePos 6 30paBOOXPAHEHUU. B yCI06UAX COBPEMEHHOT MEOUYUHCKOT NPAKMUKU U YAPAGIEHUS 8 30PAB00XPAHEHUU K MEHEONCepam
NPeOvAGIAIOMCS BLICOKUE MPEOOBAHUSL NO PEULCHUTO CILOJCHBIX 340U, CEA3ARHBLX C OP2AHU3AYUCT PADOMbL MEOUYUHCKUX YUPEHCOeH U,
aphexmusnblyM pacnpedesienuem pecypcos u 0becneueHuem KaueCmeeHHo20 00CIYHCUBAHISL NAYUeHMOs. Bascnetiwum paxmopom
VCNEeUHO20 GbINONHEHUS. IMUX 3A0aH AGISAEMC s NCUXOL0SULECKOe ABNICHUE, U3BECMHOE KAK CAMOIPOeKmusHocmsb. Imo cnocoOHOCnb
MEHeONCePO8 0CO3HABAND CEOU BO3MONCHOCIU U NPUMEHAMb UX Ol OOCMUNCEHUS Yeneil 8 NpophecCuOHaNIbHOU JesimelbHOCMU.
Hecmomps na mo umo muo2ue menedicepsl CROCOOHbL CMAsUuNs neped coboll yeau u CmpemMumspCs K uxX peaiusayui, SHa4umenbHasl
uacms CMAIKUBAEMcst ¢ mpyOHOCMAMU Npu ux oocmudicenuu. [losmomy usyuenue Gaxmopos, eIusIOuUx Ha Camodp@exmusnocme
MeHeONCePos 6 30PABOOXPAHEHUL, NPEOCMABAsent COOO0U AKMYANIbHYIO 3a0ady OIS YIYUUeHUs. YAPAGICHUS 8 CUCMeMe 30PA600XPAHEHUS.
U nosvlUleHUsl ee IPPHeKMUHOCIU.
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ILlenv uccnedosanus — npogecmu cucmemamuyeckuii 0630p nyoruKayuil 0 Gakmopax camodppekmusHocmu MeHedNcepos
30pagooxparenuu 0jisl 8bIAGACHUsL KIIOYEBbIX ACHEKMO8, GIUSIOWUX HA NPOU3EOOUMENIbHOCTIb U KAYeCMBO YNPAGICHUs 8 MEOUYUHCKUX
VUPEIHCOCHUSIX.

Memoowl: 6 pamkax ucciedosanusi 6bli NPOBeOeH 0030p CYUeCmMEYIOWUX HAYYHbIX pAbOm, HANPAGIEHHbIX HA U3YUeHUe PaKkmopos
camoaghpexmusHocmu merneddlcepos 8 30pasoOXpPaHeHUL.

Pesynemameut: B npoyecce ananuza ocoboe snumanue Oblio yoeieno Memooam OyeHKu npogheccuonatbHol yeepeHHoCm, TUOepPCKUX
Kauecme u cmpeccoycmoudusoCcmu MeHeodcepos, d Mmakice 6blisNIeHUI0 (HaKmopos, SAULIOWUX HA UX CHOCOOHOCIb NPUHUMAMb
aghpexmusHble ynpagieHuecKkue peuletisi 8 YCI08UsIX PeaibHOU NPAKmMuKy 30pasooxpanenus. Mzeneuenue 0anHblx noKazano pasiuitsie
nokazamenu pe3yibmamugHOCu, K1I0Uesble 6bl600bl U PEKOMEHOAYUL.

3akniouenue: npobiemvl KapbepHoco pocma U CMAHOGNEHUs TUYHOCMU MEOUYUHCKUX PAOOMHUKOS, AKMUGHO UCCAeOYeMble
6 3apy6edCcHoll NCUXoNo2Uul, CMmanossamces ece bonee akmyarvHoimu u 01 Kazaxcmanckux cneyuanucmos 6 yciogusx usmeHenull
mpebosanuil u 8b130606 6 30PaBOOXpaneHuu. M3yuenue camoowyweHus u camoCco3Hanus 1ooeil, Komopule 00Cmu2iy ycnexa 8 ceoell
MEeOUYUHCKOTL Kapbepe, UMeem 8alCHOe 3HAYeHUe KAK ¢ MeOpemuyeckoll, max u ¢ npakmuiecKoll mo4ex 3peHusl, 036055l VILyYuums
He MOILKO NPOpeccuoHanrbHble HaA8bIKU, HO U 00WUL NOOX00 K OKA3AHUI0 MEOUYUHCKOU NOMOWU 8 YC08UAX OUHAMUYUHO MeHAIOuelcs
cucmemvl 30pagoOXPaAHeHUs.
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ABSTRACT

Relevance: Contrast-induced acute kidney injury (CI-AKI) is a serious complication of medical procedures using contrast
agents. Despite the decrease in the incidence of acute kidney injury (AKI), CI-AKI remains one of the leading causes of renal function
deterioration, especially in emergencies. Serum creatinine (SCr) is not a reliable biomarker for early diagnosis since its level increases
only when more than 50% of renal mass is lost. Modern iodinated contrast agents (ICA) reduce the risk of AKI but remain dangerous
for patients with chronic kidney disease (CKD) and diabetes.

The study aimed to summarize published studies of TIMP-2 and IGFBP-7 early biomarkers to improve the diagnosis and prognosis
of contrast-induced acute kidney injury.

Methods: The sources were searched in Pubmed, Web of Science, and Cochrane databases. The review included 21 sources
published from 2014 to 2025.

Results: lodized contrasts are widely used in clinical procedures. They increase the risk of CI-AKI, with intensive therapy remaining
the only supportive measure. [TIMP-2]-[IGFBP7] biomarkers predict the development of severe AKI (KDIGO stage 2/3), mortality, and
AKI severity with high sensitivity and accuracy. Elevated levels of these biomarkers are associated with the risk of death or dialysis
within 9 months, making them useful for close patient monitoring.

Conclusion: Recent studies have highlighted the importance of early diagnosis of CI-AKI using IGFBP-7 and TIMP-2 biomarkers,
which is important for early intervention and improved treatment outcomes. Further studies will help improve the understanding and
management of this complication, considering risk factors such as creatinine levels, diabetes, and heart failure. The need for safe and
effective methods for diagnosing and preventing CI-AKI is relevant both in Kazakhstan and abroad. Careful monitoring of high-risk
patients and tailoring AKI management to individual patient needs can improve clinical practice and reduce the incidence of end-stage
kidney failure.

Keywords: urinary tissue metalloproteinase-2 inhibitor (TIMP-2), insulin-like growth factor 7 binding protein (IGFBP7), contrast-

induced acute kidney injury (CI-AKI), biomarkers.

Introduction: Serum creatinine (SCr) is unreliable for
detecting changes in renal function since its increase be-
comes noticeable only when more than 50% of the renal
mass is lost. It delays the diagnostics of acute renal failure
(ARF) and complicates corrective interventions. Therefore,
early biomarkers of contrast-induced acute kidney injury
(CI-AKI) are important for prognosis improvement. CI-AKI
is defined as an absolute (0.5 mg/dL, 44 umol/L) or relative
(25%) increase in SCr in 48-72 hours after exposure to con-
trast medium [1].

Typically, the contrast medium causes rapid non-physi-
ological vasodilation followed by prolonged vasoconstric-
tion, rapidly decreasing renal blood flow. Further, this pro-
cess results in a vicious cycle of medullary ischemia, which,
in turn, causes the generation of reactive oxygen species
and, therefore, damage to the endothelium and tubules of
the vessels. The direct effects of kidney damage from con-
trast exposure are due to the toxicity of the tubular epi-

thelium, confirmed by the violation of cell integrity, which
leads to loss of function, apoptosis, and, ultimately, necro-
sis. The contrast dye also increases blood viscosity, reduc-
es microcirculation, and lowers urine flow rate. It increases
the time CM stays in the body and can cause microvascular
thrombosis. All this results in a sharp decrease in the glo-
merular filtration rate (GFR) and kidney function. In 2012,
33,249 hospitalizations for acute myocardial infarction
were reported in 31,532 patients in the United States and
showed that the incidence of ARF decreased from 26.6%
in 2000 to 19.7% in 2008 (a decrease of 26%). Although the
incidence of CI-AKI may have historically declined over the
past decade, the risk is still significant in patients with the
greatest need for urgent percutaneous coronary interven-
tion, including patients with ST-elevation myocardial in-
farction and patients with cardiogenic shock [2].

In hospitals, CI-AKI is one of the most common iatro-
genic causes of ARF. As a result of the development of
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diagnostic and interventional imaging methods, con-
trast-induced renal injury was the third leading cause of
iatrogenia in hospitalized patients undergoing diagnos-
tic and interventional procedures in Greece, Germany, and
the United States in the 2010s [1]. Mild forms of acute kid-
ney injury (AKI) are associated with high mortality and
morbidity. The toxicity of iodinated contrast media (ICM) is
an important cause of ARF in the intensive care unit (ICU).
Modern ICMs with low osmolarity are less likely to cause
ARF than older drugs. Over the past 40 years, the osmolal-
ity of available contrast agents has gradually declined to
physiological levels. Only high-osmolar products (e.g., di-
atrizoate) with 5 to 8 times higher osmolality than plasma
were used in the 1950s. Red blood cell deformity, system-
ic vasodilation, intrarenal vasoconstriction, and direct tox-
icity of the renal tubules are more common with contrast
agents with osmolality greater than that of blood. This is
confirmed in a meta-analysis of studies up to 1992 [3]. ICMs
are water-soluble benzene rings in the form of monomers
or dimers. Modern ICMs for intravascular injections are
iso-osmolar iodixanol and low-osmolar non-ionic mono-
mers. Highly osmolar ICMs are no longer used. The viscos-
ity of iodixanol (11.8 cPs) is significantly higher than that of
yohexol (6.3 cPs), the lowest in the category with a low os-
molar content. Urine viscosity may be significantly high-
er with iodixanol in an experimental rat model. Temporary
dilation may be followed by a period of sustained vaso-
constriction that lasts several hours in the renal arcade of
blood vessels subdivided into afferent glomerular arteri-
ole serving the glomerulus, efferent arteriole dividing and
forming a peritubular network. As a result, contrast stasis is
observed in the kidneys after the completion of the proce-
dure. The uptake of ICM by cells leads to cell swelling and
apoptosis [4].

According to the neutrophil gelatinase-associated
lipocalin (NGAL) assay results, a subclinical CI-AKI micro-
embolism not found clinically may explain part of CI-AKI
since the kidneys receive 25% of cardiac output. Direct
complications include volume overload, hyperkalemia,
end-stage chronic renal failure, and death. Patients with
Cl-AKI have a higher risk of myocardial infarction, bleed-
ing, and mortality [4].

To date, there are no effective pharmaceuticals for
the prevention or treatment of CI-AKI. Diagnostic pro-
cedures using ICM are often denied for patients with
chronic kidney disease (CKD). Early detection of ARF is
difficult, as it is diagnosed only with an increase in SCr
or a decrease in diuresis [3].

ICMs are widely used for diagnostics and surgical
treatment but cause iatrogenic renal dysfunction. With a
decrease in renal parenchyma mass and fewer nephrons
in patients with CKD and diabetes, the decrease in renal
blood flow can be quite persistent. It impairs oxygen-
ation of the external medulla and leads to ischemia of
the proximal and distal tubules. Besides, water-soluble

contrast is readily absorbed by the apical surface of the
proximal tubular cells and from the basal-lateral surface
into the tubulointerstitial space. Tubular cells undergo
swelling and apoptosis.

Attempts to make iodine-based radiographic con-
trast medium less toxic are promising, especially with
cyclodextrin, which retains contrast in the urinary space
and reduces the likelihood of its penetration into kid-
ney tissue and kidney damage. Today, significant funds
in invasive cardiology have been invested in fluorosco-
py and cineangiography for many years [4].

In severe cases, CI-AKI causes progressive oliguria
requiring dialysis associated with high mortality. This is
about 10% of all cases of iatrogenic kidney disease. Al-
though the incidence is low (1-6%), this rate is high in at-
risk groups. Therefore, early identification of high-risk
patients is important to improve treatment outcomes
[5]. In Kazakhstan, NGAL testing is still conducted only
by commercial laboratories according to the AKI diag-
nostic protocol. The U.S. Food and Drug Administration
(FDA) has authorized the marketing of the NephroCheck
test. NephroCheck’ is a commercial product combining
two urinary biomarkers, TIMP-2 and IGFBP-7, to assess
the risk of ARF.

Tissue inhibitor of matrix metalloprotease (TIMP-2) is
a regulatory protein of 194 amino acids (21 kDa) with two
domains: N-terminal and C-terminal. It reduces MMP ac-
tivity and activates pro-MMP-2. The N-terminal domain
(the first 125 amino acids) inhibits active MMPs by bind-
ing to their active site. This domain can change its con-
formation, affecting the binding affinity and specificity
of the MMP. The C-terminal domain participates in pro-
MMP-2 modulation. TIMP-2 forms a non-covalent bond
with MMP-2 (gelatinase A) and is activated on the cell sur-
face by interaction with MT1-MMP, which is required for
collagenolysis and tissue remodeling. TIMP-2 is expressed
in the glomeruli and tubular cells of the kidneys, regulat-
ing ECM components and maintaining the integrity of the
kidneys. Its expression is regulated by cytokines and such
growth factors as TGF-3 and has been linked to fibrosis
and kidney disease. TGF-{3 activates TIMP-2 expression via
the Smad and MAPK pathways, increasing transcription-
al activity and regulating ECM turnover. Other cytokines
and growth factors, such as FGF and EGF, also affect the
production of TIMP-2 but have been studied less [6].

Insulin-like growth factor 7 binding protein (IGFBP7)
is a novel biomarker for predicting AKI that has gained
attention as a biomarker in urine. IGFBP7 is highly ex-
pressed in the blood and urine of patients and mice
with AKI through a c-Jun-dependent mechanism, cor-
relating with renal dysfunction and programmed cell
death. IGFBP7 originates from the epithelial cells of the
renal tubules and acts as a biomarker and key mediator
of AKI, inhibiting RNF4/PARP1-mediated tubular dam-
age and inflammation [7].
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TIMP-2 and IGFBP7 can be detected and measured
using a variety of methods, including enzyme-linked
immunoassay (ELISA), zymography, reverse transcrip-
tion-polymerase chain reaction (RT-PCR), and surface
plasmon resonance (SPR).

The study aimed to summarize published studies of
TIMP-2 and IGFBP-7 early biomarkers to improve the di-
agnosis and prognosis of contrast-induced acute kidney
injury.

Materials and methods: The analysis of articles in-
dexed in the Pubmed, Web of Science, and Cochrane
databases over the past 10 years has been conducted
(Figure 1). We found 10 results in Pubmed and 3 in Web
of Science for “contrast-induced nephropathy timp 2 ig-
fbp 7" or “contrast-induced acute kidney injury timp 2
igfbp 7”. 21 articles were selected after filtering. Most of
the studies were conducted in America, China, and Eu-
rope.
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Figure 1 — Algorithm for selection of sources for analysis

Results: In the study by Q. Sun et al., the average dose
of contrast medium was 3 ml/kg in 107 of the 137 chil-
dren who received iodixanol injections. The mean volume
was 2 ml/kg in the remaining 30 patients with heart dis-
ease who received yopamidol. The incidence of CI-AKI was
14.59% based on the SCr result [1]. In the CI-AKI group, uri-
nary levels of NGAL, IGFBP-7, TIMP-2, and [IGFBP-7][TIMP-
2] increased significantly at 2 and 6 hours and increased
more rapidly than SCr, remaining high at 12 hours, in con-
trast to the group without CI-AKI. ROC analysis of CI-AKI di-
agnostics showed that [IGFBP-7][TIMP-2] was more effec-
tive for early diagnostics than IGFBP-7 or TIMP-2 alone. The
authors note that the study is small and requires confirma-
tion in multicenter studies. The lack of sensitive biomark-
ers for children with CI-AKI reduces the ability to intervene
on time. Urinary NGAL, IGFBP-7, and TIMP-2 have shown
sensitivity in CI-AKI diagnostics (Table 1) [1].

A. Breglia et al. noted that the incidence of CI-AKI was
3-fold higher in patients exposed to iopamidol than in
those treated with iodixanol. There were no differenc-
es in age, sex, BMI, comorbidities, or use of nephrotox-
ic drugs [2]. The yopamidol group was exposed 4.5 times
more than the iodixanol group, confirming a higher risk
of CI-AKI [2].

Increases in IGFBP-7 and TIMP-2 after bypass surgery
predicted a higher incidence of ARF in a study by A. Saad
et al. Urine readings of these biomarkers predicted the
development of ARF, protecting the kidney from tubu-
lar damage. Renal hypoxia developed in 50% in 24 hours;
R2* levels rose but returned to baseline in 3 months. Pa-
tients with higher levels of TIMP-2 and IGFBP-7 respond-
ed better to revascularization. No sustained changes in
serum creatinine or NGAL, KIM-1, TNF-a, IGFBP-7, or TIMP-
2 levels were observed with ARAS [8].

Figure 2 shows an example of parametric maps af-
ter contrast imaging and renal stenting for a subject with
ARAS at baseline and in 24 hours and 3 months. Maps ob-
tained using the color scale for R2* demonstrate the devel-
opment of transient widespread tissue hypoxia 24 hours
after contrast imaging and renal stenting. This study was
not randomized; people with diabetes were excluded,
and most patients were men. Revascularization and con-
trast injection were performed as part of the same proce-
dure. It did not allow the effect of each factor on hypox-
ia to be determined. The control group included patients
with EH of similar age rather than “normal” people. Individ-
uals with ARAS had lower GFR, and 30% had bilateral ste-
nosis with extensive kidney damage. Levels of IGFBP-7 and
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TIMP-2 in the renal veins, as well as NGAL, were elevated
and inversely correlated with hypoxic changes in 24 hours
in patients with chronic renal ischemia due to ARAS. Early
hypoxic changes were transient and resolved in 3 months,
highlighting the ability of the kidney to adapt to hypox-

ia even in elderly patients with low GFR. Among patients
undergoing angioplasty, ARF was observed in 5.6% and
subclinical ARF (increased lipocalin, without Cr increase) in
17.9%. Lipocalin levels remained elevated in one month in
half of those with subclinical ARF [8].

Table 1 - Efficacy of uUNGAL, ulGFBP-7, uTIMP-2 and [ulGBP71*[uTIMP-2] biomarkers for the diagnostics of CI-AKI [1]

Biomarkers
Area under the curve UNGAL UIGFBP-7 uTIMP-2 {3%327%]
0.718 0.779 0.779 0.811
CI 95% 0.575-0.860 0.658-0.901 0.650-0.908 0.681-0.941
Limit value 36.274 153.061 2.951 0417
Sensitivity, % 0.70 0.80 0.75 0.80
Specificity, % 0.684 0.667 0.821 0.812

24 hrs after

)\

Contrast/ stenting

After 3
months

Regs oy

Figure 2 — Example of parametric maps [8]

A very interesting observation is made by S. Mar-
tin-Cleary et al.: after the marathon, serum creatinine in-
creased by 40%, urinary TIMP-2 by 555%, and IGFBP-7 by
1094%. The values returned to baseline levels in 24 hours
[9]. The PRESERVE randomized clinical trial “Prevention of
Serious Adverse Events After Angiography” enrolled 922
participants who underwent coronary or non-coronary
angiography at 53 health centers in the U.S., Australia,
Malaysia, and New Zealand, making it the largest study
to examine this marker in CKD patients undergoing an-
giography. 7.9% of the 922 participants in the study con-
ducted by R. Murugan et al. developed CI-AKI, and 6.5%
had adverse renal events by Day 90. The use of contrast
medium was higher in patients who developed CI-AKI.
There was no difference in the risk of death (2.7% ver-
sus 3.1%). 18% developed adverse events (persistent kid-
ney dysfunction — 11% versus 2%). Patients with low GFR
and high albumin-to-creatinine ratios had a high risk of
adverse events. Thus, Stage 1 CI-AKI developed in 22%
of them (vs. 7%). 46.7% of the 28 patients with adverse

events died, 20% were on dialysis, and 43.3% had persis-
tent renal dysfunction by Day 90. A high concentration
of the [TIMP-2]-[IGFBP7] index was associated with a low
risk of CI-AKI (@OR=0.59; P=0.002), but the predictive val-
ue of this index was low (AUROC=0.59). The [TIMP-2]-[IG-
FBP7] index was more sensitive and superior to other bi-
omarkers for the early detection of ARF. Urinary levels of
[TIMP-2]-[IGFBP7] did not increase after angiography in
patients with mild ARF, indicating that cell cycle arrest
is not the main factor in ARF [10]. This is confirmed in
the study conducted by Rouve et al. [3]. It showed slight
changes in [TIMP-2]-[IGFBP7] after exposure to the con-
trast medium.

According to R. Murugan et al. [10], the level of
[TIMP-2]-[IGFBP7] may help in early risk stratification and
rule out concerns about CI-AKI. A unique finding was a
higher pre-angiographic urinary value [TIMP-2]-[IGFBP7]
in patients without CI-AKI. This finding may be the re-
sult of chance alone or suggest that a higher pre-angio-
graphic concentration of [TIMP-2]-[IGFBP7] in urine may
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serve as a protection against the risk of CI-AKI, although
the predictive accuracy of this index was low. The mech-
anisms associated with increased pre-angiographic uri-
nary concentrations of [TIMP-2]-[IGFBP7] and a reduced
risk of CI-AKl are unclear, and our findings require further
confirmation in future studies. Limitations of this study
included one-time urine and plasma collections, limited
time intervals for biomarker assessment, and predomi-
nant male participation.

The Discovery Study showed that the urinary bio-
markers - TIMP-2 and IGFBP7 are better predictive of the
risk of ARF in critically sick patients than other biomark-
ers [11]. The combination of [TIMP-2]-[IGFBP7] and a furo-
semide (FST) stress test has also been shown to improve
the prediction of ARF progression [12].

Biomarkers such as TIMP2:IGFBP7 appear to be a rea-
sonable and effective method for early AKI prediction
based on the analysis of existing studies. K.J. Gunnerson
et al. showed high accuracy in predicting ARF based on
a single measurement of urinary TIMP2:IGFBP7 after ad-
mission to the ICU [13]. M. Meersch et al. confirmed this
biomarker’s high sensitivity and specificity for ARF after
cardiac surgery [14]. A study by K. Lakhal et al. also found
that contrast-induced nephropathy was associated with
higher mortality and the need for renal replacement
therapy among patients who received contrast media [7].

The study conducted by E. Rouve et al. showed a sig-
nificant increase in [TIMP-2]-[IGFBP-7] levels in 30% of pa-
tients after contrast media infusion, with 66% of them ex-
periencing a worsening of KDIGO classification within 72
hours. However, the threshold of change in [TIMP-2]+[IGF-
BP-7] was not associated with CI-AKI, which may indicate
the relative harmlessness of contrast agents [3].

Moreover, the incidence of ARF was similar in patients
with STEMI who underwent angiography to that of the
control group. This fact confirms the low incidence of
ARF with contrast agents [10].

Other studies also support these findings. For exam-
ple, [TIMP-2Ix[IGFBP7] levels in a study with 42 partic-
ipants were not significantly elevated in 4 hours after
surgery and until the first day after surgery, highlight-
ing the importance of measurement time for interpret-
ing results [12].

Drug-induced nephrotoxicity is associated with 20%
of ARF cases acquired in the hospital and 25% of ARF
cases occurring in the ICU. Early detection of nephrotox-
icity is critical, but TIMP-2 and IGFBP7 have not yet been
used for these purposes outside of the ICU [12]. The tox-
ic effect of ICM is minimal in ICU patients with multi-
ple renal aggression. Disease severity and nephrotox-
ic load are risk factors for ARF independent of contrast
agent infusion [15]. In a large study involving 6877 ICU
patients (4351 with contrast, 2526 without contrast), af-
ter adjustments, ARF predisposition, dialysis, and mor-
tality were not significantly higher in the contrast group

in GFR >45. An increased risk of dialysis was observed
with GFR <45 [11]. In another study, contrast administra-
tion was not associated with increased incidence of ARF,
chronic kidney disease, dialysis, or transplantation at 6
months [16].

In the study by R.J. McDonald et al. [17], the ARF in-
cidence was 5.0% (1059 of 21,346). The ARF incidence
did not differ between the contrast (4.8%) and non-con-
trast (5.1%) groups; OR=0,94; P=0,38). In the “risk group”
subgroups, the ARF incidence was higher in patients
with a history of ARF, CKD, and CHF, but the differenc-
es were not significant for ARF (OR 1.10; P=0.36) or CHF
(OR 1.18; P=0,18). After adjustment, the rate of emergen-
cy dialysis (OR 0.96; P=0.89) and short-term mortality
(HR 0.97; P=0.45) was not different in patients who un-
derwent computed tomography with and without con-
trast agents. Patients with AKI had a higher risk of dialysis
(OR 15.75; P<0.0001) and mortality (OR 4.51; P<0.0001), re-
gardless of the administration of the contrast agent. Be-
sides, patients with high creatinine levels, diabetes, CHF,
or renal dysfunction had higher rates of ARF, dialysis, and
mortality regardless of contrast agent.

It can be noted that the results obtained by J.S. Mc-
Donald et al. [11, 18] are closely intertwined with the
findings presented in S. Ehrmann et al. [15]. In particu-
lar, McDonald et al. showed that a reduced GFR was as-
sociated with an increased risk of ARF after computed
tomography, and this risk was independent of the use of
contrast, even with a GFR of less than 30 ml/min/1.73 m>.
This finding is reflected in a study by Ehrmann et al.,
where the AKl incidence was also similar between the
contrast and control groups, with no significant differ-
ence (0%) observed. Moreover, both authors had com-
parable in-hospital mortality in the groups, highlighting
no significant difference in outcomes when contrasting
was used. The main risk factors, such as the assessment
of sequential organ failure and the number of nephro-
toxic agents used, were also similar in both studies. This
calls into question the need to avoid contrast agents in
patients with low GFR.

Discussion: Thus, the results of numerous studies
confirm the feasibility of using biomarkers for the ear-
ly diagnostics and prediction of CI-AKl and ARF. Howev-
er, further multicenter studies must confirm these find-
ings and address existing limitations. Early detection
of nephrotoxicity remains critical, but TIMP-2 and IGF-
BP7 have not yet been used outside the ICU [12]. Clinical
data show that intra-arterial injection of contrast agents
is often associated with increased renal toxicity, but this
belief is controversial and requires additional research
[19]. It is also important to note the importance of hy-
dration for the protection of the kidneys when using
contrast agents [18].

ICMs are widely used in clinical procedures, increas-
ing the risk of CI-AKI. Intensive care is the only supportive
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agent in AKI, so new diagnostic approaches are required
[5]. Daily measurements are not recommended, except
in cases of a change in the clinical situation. Assessment
of CI-AKI biomarkers, together with clinical information,
should tailor the management of ARF to patients’ individ-
ual needs. It will improve clinical practice and reduce the
incidence of end-stage renal disease [17].

[TIMP-2] - [IGFBP7] predicts the development of se-
vere ARF (KDIGO stage 2/3) with an area under the curve
of 0.80-0.82. IGFBP7 predicts mortality, kidney recovery,
and severity of ARF [20]. Increased [TIMP-2]-[IGFBP7] is as-
sociated with a composite endpoint of death or dialysis
within 9 months. These markers can predict kidney dam-
age, prompting closer monitoring of patients [21]. TIMP-2
increases earlier and longer than IGFBP7, as it is involved
in cell cycle arrest, inflammation, and tubular regenera-
tion after injury.

Conclusion Recent studies [1, 3, 8, 10, 11, 14] have
shown the importance of early CI-AKI diagnostics using
novel biomarkers such as IGFBP-7 and TIMP-2. Urine tests
for these biomarkers allow CI-AKI detection much earlier
than traditional methods based on serum creatinine lev-
els. This finding has important implications for early in-
tervention and improved patient outcomes.

Studies by Q. Sun et al.[1] and A. Saad et al. [8] demon-
strate that using these biomarkers effectively diagnoses
CI-AKI in children and post-bypass patients. At the same
time, studies conducted by A. Breglia et al. show that the
CI-AKI incidence is significantly higher in patients treat-
ed with iopamidol compared to iodixanol. This fact high-
lights the need to choose less toxic contrast agents [2].

The PRESERVE clinical trial confirms that the combina-
tion of TIMP-2 and IGFBP-7 is the most sensitive biomark-
er for early diagnostics and prediction of the CI-AKI risk
[10]. Despite this fact, there are still unresolved questions,
such as the mechanisms associated with the increase in
the level of these biomarkers and their predictive accura-
cy, which requires further research.

Besides, a study by R.J. McDonald et al. [17] and J.S.
McDonald et al. [11, 18] showed that the incidence of
ARF does not differ between the contrast medium and
non-contrast groups, indicating the need to consider oth-
er risk factors such as creatinine, diabetes, and heart fail-
ure. Patients with high creatinine levels, diabetes, chron-
ic heart failure, or renal dysfunction have higher rates of
ARF, dialysis, and mortality regardless of contrast medi-
um use.

In general, the need for safer and more effective Cl-
AKI diagnostics and prevention remains relevant in Ka-
zakhstan and abroad. Further multicenter studies will
help improve the understanding and management of
this serious complication.

Studies also highlight the importance of revasculari-
zation procedures and contrast media selection to mini-
mize the CI-AKI risk in patients with chronic renal failure

and other comorbidities. Closer follow-up of high-risk pa-
tients and tailoring the ARF management to patients’ in-
dividual needs can significantly improve clinical practice
and reduce the incidence of end-stage renal disease.
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AHJATIIA

METAJIONPOTEMHA3A-2 39P IILIFAPY TIHIHIH MHT MBUTOPBIHBIH, (TIMP-2)
"KOHE MHCYJIUHIE ¥YKCAC ©6CY ®AKTOPbIH BANJIAHBICTBIPATBIH AKYbI3
7 (IGFBP-7) KOHTPACTIIEH TYBIHJAFAH KEJEJ BYWPEK
JKAPAKATBIHJIAFBI BOJIKAM/IBIK MOHI:

OJIEBUETKE HIOJTY

A.B. Canapos', M.M. Myzasoé', A.C. Canaposa', /I.E. Omepmaesa', /I.B. Bacunves'
1«Kaparanabl MeguuuHansik yHuepcuteti» KEAK, Kaparanabl, Kasakcran Pecny6aukacht

Oszexminizi: byilipexmiy konmpacmmol ocepinen xeeden 3akvimoanyvl (bK-OK3)konmpacm azenmmepin Ko10aHamvlH MeOUYUHATBIK
npoyedypanapobiy ayvip adckbinyvl 6016in mabwvliaowsl. bytpexminy sceden 3axvimoanywi (bXK3) ocuiniciniy memenoeyine kapamacman,
(BK-9JK3) acipece memenwe scazoatinapoa Oyipex QyHKYUsCbIHbIH HAUAPAAYbIHbIH JcemeKiui cebenmepiniy 6ipi 601vin Kana bepeoi.
Kan capvicyvinoazvr kpeamunun (SCr) epme ouacnocmuxa ywiin ceHimOi Ouomapkep 601vin mabwvlimaiovl, olumKeHi OHblY OeHeelll
byupex maccacvinviy 50%-0an acmamvli HCO2aIMKAHOA 2aHA HCO2APHLIAUObL. 3amanayu toomanean koumpacmmol sammap bIK3
Kaynin memenoemeoi, OIpax co3vlamManbl OyupeK aypyvl dcoHe Kanm ouabemi 6ap HayKacmap ywin Kayinmi 6onvin Kaia oepeo.

3epmmeyoin maxkcamot — TIMP-2 scone IGFBP-7 epme duomapxepiepi mypansl scapusiianaan 3epmmeyiepoi KOpblmblHObLIAY
601001, 6y KOHMpacmnen MybiHOa2am dcedesl OYUpPex AHcapaKamuliibly OUASHOCMUKACHL MeH DONACAMbBLH JHCAKCAPNY.

Aoicmepi: [lepexkozoepoi izoey Pubmed, Web of Science, Cochrane depexxopnapvinoa acypeizinoi. [lony 2014 scvinoan 2025
Jrcvli2a Oetlin orcapusnanean 21 0epekkesoi Kammuosi.

Homuocenepi: HK3 knunuxanwix npoyedypanrapda keyinen Kordanuiiadvl ocone BK-OXK3 kaynin apmmeipadsl, KapkvlHobl
mepanus Jcanzvl3 Konoay wapacwl 6onvin xana 6epedi. [TIMP-2]-[IGFBP7] 6uomapkepaepi scoeapvl ce3immandvik nen 0on10iKneH
ayeip JKBXK (KDIGO 2/3 camvicbl), onim sxcone KB ayvipaviaviHbly damysin Ooaxcaiiovl. byn buomapkepiepoiy scoesapuvl Oeneelinepi
9 aii iwinde onim nemece ouanusz Kaynimen oaiianvicmeol, 6yn 01apobl nayueHmmepoi MyKusm 0aKuliay yulin namuoansl emeol.

Kopvimuinowi: Kaxvinoa scypeizineen sepmmeynep IGFBP-7 ocone TIMP-2 6uomapkepaepin natioanana omuipwin, CI-AKI epme
OUAZHOCMUKACHIHbIY MAHbI30bLILIZbIH aman Kepcemmi, 6y epme apaiacy dcone emoey HOMuUdICerepin HcaKcapmy yulin Manbl30bl.
Keiiinei sepmmeynep kpeamunun oeneetii, Kanm ouabemi Hcone HeypeK Heemriikeiz0iei cCuskmol Kayin (hakmopiapvli eckepe Omblpoln,
0Cbl ACKLIHYObI MYCIHY MeH bacKapyobl sicakcapmyeaa komekmeceoi. CI-AKI duacnocmuracet men anovin anyovly Kayincis jacone muimoi
aoicmepiniy Kaxcemminiei Kazaxcmanoa oa, wemenoe oe e3ekmi 00avin madwvinaovl. Toyexenoiniei scosapsvl emoenymiiepoi MyKuam
baxwvLiay scone XPIK backapyvin nayuenmmiy diceke Kaxcemminrikmepine Oeuimoey KAUHUKAAbIK MONCIPUOCHT HcaKcapmyea HeoHe
COHabl cambloaabl OYUpeK aypyiapblHblY HCULLIeIH mOMeHOemy2e MyMKIHOIK Oepedi.

Tyitinoi cezoep: Memanonpomeunasa-2 39p wwizapy mininiy uneubumopvinviy (TIMP-2), uncyaunee ykcac ocy @axmopvin
batinanvicmoipamoin akywiz 7 (IGFBP7), konmpacm-0ytipekmin dceden 3akpimoanyst (ki-OPP); 6uomapkepiep.

AHHOTALIUA

IMPOI'HOCTUYECKAS HEHHOCTb TKAHEBOI'O UHI'MBUTOPA
METAJIJIOITPOTEUHA3BI-2 (TIMP-2) MOYH U BEJIKA, CBA3BIBAIOIIEI'O
WHCYJIUHONOJOBHBIN ®AKTOP POCTA 7 (IGFBP—7), B OTHOILIEHUH
KOHTPACT-UHAYLHHUPOBAHHOI'O OCTPOI'O IOBPEXXJIEHUSA IIOYEK:
OB30P JIUTEPATYPbI

2.b. Canapos', M.M. Myzazoé', A.C. Canaposa', /I.E. Omepmaesa’, /I.B. Bacunves!
THAO «KaparaHauHcKuil MeAMUMHCKWI yHUBEpcUTeT», Kaparanza , Pecny6nuka Kazaxcrax

Axmyanvnocmo: Koumpacm-unoyyuposannoe ocmpoe nospedicoenue nouex (KH-OIIIl) — smo cepvesnoe ocnodcHeHue
MEOUYUHCKUX NPOYyedyp ¢ UCHOIb30GAHUEM KOHMPACMHLIX eewecms. Hecmomps na cHudicenue ciyuaes ocmpoil NO4edHOU
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neoocmamounocmu (OITH), KHU-OIIIT ocmaemcs 00HOU U3 6e0yuux npudur yxyouleHus QYHKyuu noiex, 0COOeHHO 6 HeOMIA0HCHBIX
cumyayusx. Coieopomounviil kpeamunut (SCr) ne A614emcs HA0CHCHLIM OUOMAPKEPOM O paHHell OUASHOCTNUKY, MAK KAK e20
YpOGeHb nosvluaemcs moavko npu ympame 6onee 50% noueunoii maccol. Cospemennvie 100UposanHvle KOHMPACHMHbLE GeleCmea
(HUKB) cnuscatom puck OITH, no ocmaiomes. onacuviymu 015 NAYUEHMO8 ¢ XPOHUYECKOT 601e3HbI0 NOYeK U OUdben oM.

Ilensv uccnedosanua — 0b60OweHue onyONUKOBAHHBIX OAHHBIX UCCAE008aHUU panHux Ouomapxepoe TIMP-2 u IGFBP-7 oaa
VIyuuenus OuazHoOCmuKy u npoHO3UPOBAHUS KOHMPACM-UHOYYUPOBAHHO20 OCIPO20 NOBPENCOEHUS NOYEK.

Memoowi: Ilpogeden nouck ucmounuxos 6 basax oannvix Pubmed, Web of Science, Cochrane. B 0630p eéxnrouen 21 ucmounux,
onybauxosannuiil ¢ 2014 no 2025 ee.

Pesynvmamur: HKB wiupoko ucnons3yiomes 6 KIunuueckux npoyedypax u yeenuvusaiom puck KH-OIII, npu smom unmencugnasn
mepanus ocmaemcs eOuHCmMEeHHbIM noodepicugaiowum cpeocmeom. buomapxepuvr [TIMP-2]-[IGFBP7] npeocka3sviéaiom pazsumue
msxcenoi OIH (cmaodus 2/3 no KDIGO), cmepmnocmo u msocecmv OIIH ¢ 6biCOKOU 4y8CMEUMENbHOCIBIO U MOYHOCMbIO.
Iosbluennsiil yposens smux OUOMAPKePO8 C6A3AH C PUCKOM CMEPMU UU OUAIU3A 6 meyenue 9 mecsayes, ymo 0eaaem ux noaesHvlmu
Ol MuamenbHo20 HabI00eHUs 3a NAYUECHMAMU.

3axnarouenue: llocneonue uccredosanus noouepkuyau 3Havumocms pauueu ouacrHocmuxu KHU-OIIIl ¢ ucnonvzosanuem
ouomapkepos IGFBP-7 u TIMP-2, umo 6ajcno 0151 panne20 8Mewamenbcmea u YIyYuleHus ucxooos jeuenus. Janvuetiuue
UCCIe008AHUSL NOMOZY N VIV YU NOHUMAHUE U YNPABIEHUE IMUM OCLONCHEHUEM, YUUMBIBAs. (PAKMOPbL PUCKA, MAKUe KAK YPOBEHb
Kpeamunuua, ouabem u cepoeynas Hedocmamounocms. Heobxooumocmo 6 6e30nachvix u dQh@exmunvix Memooax OuazHoCmuKy u
npogunaxmuxu KHU-OIII1 akmyanvna kak ¢ Kasaxcmane, max u 3a pyoescom. Tuyamenvhoe Hab1100erUe 30 NAYUSHMAMU C 8bICOKUM
puckom u aoanmayusi eedenusi OITH Kk uHOUSUOYANIbHBIM HYHCOAM NAYUEHINOE MOLYIM VIYUUWUMb KIUHUYECKVIO NPAKMUKY U CHUSUMb
yacmomy mepMuHAaIbHOU CMaouu NoYe4Hol HedoCMamoyHOCHU.

Knrwouesvie cnosa: uneubumop memanionpomeunasvi-2 (TIMP-2) mouu, 6enok, c613vl8arowull UHCYIUHONOOOOHbLIL (Darmop
pocma 7 (IGFBP7), konmpacm-unoyyupogannoe ocmpoe nogpesicoenue novex (KHU-OIIII); buomapxepul.
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MURAT TLEUGABYLULY,
A PATHOMORPHOLOGIST, SCIENTIST,
AND PROFESSOR

People say, “The height of the mountains will be
visible as you move away from them.” A year ago, Murat
T. Aitkulov passed away. He has been a Candidate of
Medical Sciences, a pathomorphologist of the highest
category, associate professor, and a teacher who left an
indelible mark in medicine.

He was born on April 10, 1941, in Saryozek village of
Aiyrtau District of North Kazakhstan.In 1964, he graduated
from the Karaganda Medical Institute (KMI) and studied
for three years as a Graduate Student of the Pathological
Anatomy Department. From 1967 to 1981, he worked as
an Assistant at the Pathological Anatomy Department. He
became an Associate Professor, held Teaching Training
until 1995, and headed the Pathological Anatomy and
Forensic Medicine Courses. From 1982 to 1997, he worked
as a Deputy Dean of the Dentistry Faculty, then as Dean.
From 1989 to 1992, he worked as a freelance pathologist
for the Regional Health Department.

| know the son of Murat Tleugabiluly very well. He is
a great teacher. He is patient, inner-world-minded, smart,

reasonable, wise, intelligent, merciful, and wonderful.

When | worked at Korkyt Ata Kyzylorda State University
as the Head of the General Medicine Department and
Basic Valeology Department (1994-2006), | invited Murat
Tleugabylovich as a very experienced teacher to conduct
lectures and practical classes, and the State Examination
for future Hygienists-Epidemiologists and Valeologists.
Our Rector, Doctor of Technical Sciences, Professor Kylysh
A. Bisenov, supported this intention, too. As our great
Al-Farabi ancestor said, Murat Tleugabyluly, in addition
to conducting lectures and educational work, made an
excellent contribution to the quality of education of the
young generation.

From 2011 to 2018, Murat Tleugabylovich continued his
career at the Kokshetau Higher Medical College. In 2018,
Murat Tleugabyluly started running the Morphology,
Physiology, and General Pathology Department of the
Medicine Faculty at Ualikhanov Kokshetau University.

He enormously contributed to the formation and
structural strengthening of the immature faculty. During
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his leadership, he initiated the development of the
material and technical base, gave invaluable experience
in the field of pedagogical skills, and became an
indispensable mentor for the Department’s staff.

The scientific interest of our well-known teaching
staff is aimed at the topic of pulmonary pathology, so
it is not surprising that the topic of the scientific work
is selected from this direction. There are more than 70
publications on scientific and educational activities and
many methodological manuals and textbooks.

Also, there is every reason to believe that Murat
Tleugabyluly’s contribution to the development and
strengthening of the position of the state language in
medical literature is invaluable. He translated selected
textbooks on pathological anatomy into our native
language, which are still relevant and are used in medical
universities of the country. In addition, he published
training manuals on Internal Diseases and Basic Methods
for Diagnosing Internal Diseases in Kazakh.

For long pedagogical and educational activities,
Murat Tleugabyluly was awarded the badges Excellence
in Healthcare Worker of the USSR and Excellent
Healthcare Worker of the Republic of Kazakhstan. In
1982, he was included in the Book of Honor of KMI. In
2001, He was awarded a letter of gratitude from the
President of the Republic of Kazakhstan. Also, in 2018,
he was awarded the Medal of Veterans of Labor for
his contribution to the Development of KMI. Murat
Tleugabyluly was an example of professionalism,
hard work, and responsiveness. His professionalism,
dedication, and sincere concern for the future of the
young generation left an indelible mark on the hearts
of his colleagues and students.

Certainly, a loved mate, a life partner, is the only
reason for a man to convert a citizen’s demands in life.
He was lucky to have a loving wife, Nazym Akanovna,
who honestly cared about Murat Tlegabyluly. She is a
very intelligent and delicate person. These qualities of
Nazym Akanovna are likely to bring honesty and stability
to their family. She speaks the senior, modern desires
of the Kazakh wife, fluent, competent, and literate. Her

qualities seemed like Murat Tlegabyluly’s, who inspires
and stimulates.

My teacher did not succumb to the hardships of life. His
diligence and perseverance were nurtured by his parents’
accomplishments. | decided to write about children and
grandchildren who descended from instructive souls to
reveal this catchphrase, saying that they are born into
the noble family and follow the path of the noble family.
Children - Aizhan is a Dentist of the highest category, and
Aidar is a Candidate of Biological Sciences, an Associate
Professor of the Physiology Department at Buketov
Karaganda University, a modern, capable of responding
to the times promptly, educated, demanding innovative
youth.

These good traditions in the family continued to the
grandchildren of Murat Tleugabyluly. Olzhas graduated
from the University, followed in his grandfather’s
footsteps, and taught at Karaganda Medical University;
Adil graduated from Kokshetau and Astana universities
and worked asan energy engineer. Asemis studying at the
college as an artist-designer, and Amir is a student in the
9th grade.Theyare exemplary young people who grow up
calm, deeply educated, and well-mannered. Children and
grandchildren begin to recognize the signs and symbols
inherent in talented people from early childhood, giving
a modern direction to each child’s inclinations while
maintaining a Kazakh upbringing, growing up with the
kindness and kindness of grandparents, the basis of
their happy future. Therefore, it is proof of nobility that
in the dynasty of Murat Tleugabyluly, the foundation of
talented citizens who bear the name of our country is
being laid.

We will always remember Murat Tleugabyluly,
who contributed significantly to the development
of education and medicine in Sary Arka and Syr, as a
devoted, kind, great teacher and bright soul. His bright
image will remain in our hearts.

K. Toleutayuly,
Asfendiyarov Kazakh National Medical University,
Almaty, Kazakhstan

154

Oncology and Radiology of Kazakhstan, Nel (75) 2025



Established
in 2008,

Public Fund

n c E R is @ non-profit,

non-governmental charity organization
supporting all forms of cancer control.

THE MISSTON OF THE FUND is,combining efforts and
capacities of the whole society to save those who can be saved
and ensure decent life to those who cannot be saved.

THE PURPOSE is to assist the development of the oncological
service of Kazakhstan, including actions to support:

@ efficient prevention

® early diagnostics

® quality treatment

© accessible palliative care

Public Fund «TOGETHER AGAINST CANCER»
Executive Director: Gulnara Kunirova

Legal Address: Nazarbayev St. 148-32, Almaty 050000, the Republic of Kazakhstan
Postal Address: Begalin St. 73A, Almaty 050020, the Republic of Kazakhstan

Tel.: +7 (727) 973-03-03,+7 (708) 973-03-03

E-Mail: oncologykz@gmail.com, web: www.oncology.kz

Bank details:

IBAN (KZT): KZ526017131000056375
IBAN (USD): KZ406017131000054457
IBAN (EUR): KZ456017131000053785
IBAN (RUB): KZ636017131000057923
Almaty Regional Branch of

Halyk Bank of Kazakhstan

BIC: HSBKKZKX

Beneficiary code - 18

Payment purpose code
for sponsorship transfers - 119

KATEP/I ICIKMEH KYPECEMIK
TOGETHER AGAINST CANCER

BMECTE INPOTUB PAKA

KOFAM[bIK KOPbI *+ PUBLIC FUND * OBLLECTBEHHbIN ®OHL,
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